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ABSTRACT
Vandehey, Anne M., M.S. 1991 W i l d l i f e  B io logy
V e g e ta t ive  p r o d u c t i v i t y  o f  se lec ted  g r i z z l y  bear h a b i ta ts  in  
southeastern  B r i t i s h  Columbia.
C o -ch a i rs :  Dr. Don Bedunah and Dr. C h r is to p h e r  Servheen
Sampling techn iques  and s t r a te g ie s  were developed f o r  the 
e s t im a t io n  o f  biomass o f  seven g r i z z l y  bear (Ursus a r c to s ) foods: 
Ange l ica  a ro u ta . Eaulsetum arvense. Erv thron lum g ra n d i f lo ru m . 
Hedvsarum su lohurescens . Heracleum lana tum. Sheoherdia canadensis , 
and Vaccinium a l o b u la r e .
Methods were te s te d  in  n ine h a b i t a t  u n i t s  in  the North Fork 
o f  the Flathead R ive r  dra inage in  sou theas te rn  B r i t i s h  Columbia. 
Sampling occurred d u r in g  each food species season -  o f  -  use by 
g r i z z l y  bears. Net p r o te in  and energy per h a b i t a t  u n i t  were based 
on biomass es t im a tes .  Mean kg/ha o f  d i g e s t i b l e  p ro te in  and mean 
k c a l /h a  o f  d i g e s t i b l e  energy prov ided by the seven food spec ies,  
and associa ted va r iances  were re p o r te d .  I d e n t i f i c a t i o n  o f  f e a s ib le  
methods was determined in  r e l a t i o n  to  the  sample s izes re q u i re d  to  
a t t a i n  p resc r ibed  le v e l s  o f  conf idence and sample e r r o r .
Methods determined to  be f e a s ib l e  f o r  e s t im a t in g  biomass were 
descr ibed  fo r  M- lanatum and 1. canadens is . Methods th a t  may be 
r e f in e d  to  produce s u i t a b le  est imates were descr ibed  f o r  H. 
sulohurescens and )L. o lo b u la r e . S u i ta b le  methods f o r  producing 
accep tab le  est imates o f  f .  g ra n d i f lo ru m  and A. arquta  d id  not 
evo lve  dur ing t h i s  research .
Based on biomass est imates o f  the fo u r  species f o r  which 
acceptab le  methods were developed, h a b i ta t s  p ro v id in g  the most 
abundant sources o f  d i g e s t i b l e  p r o te in  were r i p a r i a n  components and 
avalanche chutes. H a b i ta ts  p ro v id in g  the most abundant sources o f  
d i g e s t i b l e  energy were r i p a r i a n  components, V. o lob u la re  
s h r u b f ie ld s .  avalanche chu tes ,  and i .  canadensis s h ru b f ie ld s ,  
r e s p e c t i v e ly .
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CHAPTER ONE: INTRODUCTION
An o b je c t i v e  o f  many w i l d l i f e  s tud ies  is  to  p re d ic t  the 
c a p a b i l i t y  o f  h a b i ta ts  to  support animal popu la t ions .  Such 
p re d ic t io n s  would a l low  est imates o f  animal numbers based on 
h a b i ta t  q u a l i t y .  Studies in d ic a te  th a t  g r i z z l y  bear ( Ursus arc tos 
h o r r i b i l i s ) numbers and d i s t r i b u t i o n  are in f luenced  by many fa c to rs  
in  a d d i t io n  to  h a b i ta t  q u a l i t y ;  f o r  ins tance ,  bear popu la t ion  
s t ru c tu re  and human d is tu rbance  (Mattson e t  a l . 1987, McLellan and 
Shackleton 1988a). A c u r re n t  research emphasis is  to descr ibe a 
r e la t io n s h ip  between h a b i ta t  and g r i z z l y  bear popu la t ions .
The re s u l t s  o f  t h i s  the s is  w i l l  a id  in  eva lua t ing  whether 
methodologies f o r  determ in ing food p la n t  biomass are o f  p ra c t i c a l  
value f o r  eva lua t ing  g r i z z l y  bear h a b i ta t .  My study w i l l  prov ide 
an est imate  o f  a p o r t io n  o f  the net vegetal p ro te in  and energy 
a v a i la b le  to  bears w i t h in  h a b i ta t  components occu r r ing  in  the study 
area. The est imates are based on importan t  g r i z z l y  bear forage 
species. The r e la t i o n s h ip  between bear food biomass and h a b i ta t  
q u a l i t y  as measures o f  c a r ry in g  capac i ty  w i l l  be the focus o f  
f u tu re  research and could prove usefu l  f o r  e x t ra p o la t io n  to  o ther  
a reas .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
OBJECTIVES
The o b je c t iv e s  o f  t h i s  research were to  develop sampling 
techniques to  measure the biomass o f  se lected bear food p lan ts  and 
to  develop a sampling s t ra te g y ,  in c o rp o ra t in g  these techniques, to 
produce a q u a n t i t a t i v e  measure o f  the d ig e s t i b le  p ro te in  (kg/ha) 
and d i g e s t i b l e  energy (kca l /h a )  o f fe re d  by the se lec ted bear food 
p lan ts  w i th in  h a b i ta t  u n i t s .
This the s is  i s  comprised o f  th ree sec t ions .  Chapter One 
inc ludes the In t r o d u c t io n ,  O b jec t ives ,  Study Area D e sc r ip t io n ,  and 
L i t e r a t u r e  Review. Chapter Two is  a d e s c r ip t io n  o f  the development 
sampling techniques f o r  each o f  the se lected bear foods.
P re d ic t io n  models were developed f o r  3 o f  the bear food species. 
Chapter Three rep o r ts  on the development o f  sampling s t ra te g ie s  to  
produce bear food biomass est imates f o r  va r ious h a b i ta t  component 
u n i t s  w i th in  the study area, in co rp o ra t in g  the use o f  the 
p re d ic t i o n  models discussed in  the Chapter Two.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
STUDY AREA
The study area was approx imate ly  30 km by 15 km and was 
located in  the North Fork o f  the Flathead River drainage in  
southeastern B r i t i s h  Columbia. I t  bordered G lac ie r  National Park 
to  the south and Waterton National Park, Canada, to  the east (F ig .  
1) .  This area is  cha rac te r ized  by g la c ia te d  t e r r a i n  o f  high craggy 
peaks a t  2800 m fe e t  to  the east ,  and to  the west, r o l l i n g  
f o o t h i l l s  and the broad North Fork R iver v a l le y  a t  1200 m. The 
area is  p r im a r i l y  in f luenced  by P a c i f i c  mari t ime weather w i th  co ld ,  
snowy w in te rs  and coo l ,  moderate ly  wet summers.
Low-gradient r i p a r ia n  zones, marshes, and dry meadows occur 
in  the v a l l e y .  Timber stands o f  young lodgepole pine ( Pinus 
c o n to r ta ) . western la rc h  ( L a r ix  occ iden ta l  i s ) and subalpine f i r  
(Abies la s io c a ro a ) predominate in  the v a l le y  bottomland as a r e s u l t  
o f  w i l d f i r e s  and c le a r c u t t i n g .  The pr imary vege ta t ion  types at  
h igher e leva t ion s  c o n s is t  o f  m ix tures  o f  spruce ( Picea 
enaelmanni1) .  sub -a lp ine  f i r ,  and a lp in e  la rch  (1. I v a l l i i ) .  
in te rspe rsed  w i th  avalanche chutes, a lp in e  meadows, and c le a rc u ts .  
The study area is  roaded f o r  t imber  harves t ,  mineral e x t ra c t io n  and 
re c re a t io n .
Large ca rn ivo res  o f  the area inc lude  g r i z z l y  bears, b lack 
bears (Ursus americanus) . wolves (Canis luous) .  mountain l io n s  
( F e l is  conco lor  ) ,  and coyotes (Canis l a t r a n s ) .  Ungulates inc lude
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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moose (Al ces al ces) . e l k  ( Cervus e laohus) . mule deer COdocoi1 eus 
hemionus) . and w h i t e - t a i l e d  deer (Qdocoileus v i r g in ia n u s ) .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Fig. 1. Location of the study area in southeastern British Columbia.
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LITERATURE REVIEW
A need e x is ts  to  r e la t e  g r i z z l y  bear h a b i ta t  
c h a r a c te r i s t i c s  to  c a r ry in g  cap ac i ty  (Servheen 1985). Several 
authors suggest t h a t  c a r ry in g  capac i ty  i s  a usefu l  concept f o r  
eva lu a t in g  the r e l a t i v e  value o f  h a b i ta ts  (Hobbs and S w i f t  1985, 
Hanley and Hobbs 1987). Research r e l a t i n g  c a r ry in g  capac i ty  to 
h a b i ta t  q u a l i t y  is  descr ibed by Van Horne (1983), who def ined 
h a b i ta t  q u a l i t y  as the product o f  d e n s i ty ,  mean in d iv id u a l  
s u rv iv o rs h ip ,  and mean expec ta t ion  o f  f u tu re  o f f s p r i n g  o f  res idents  
o f  one area compared to  another.  While t h i s  d e f i n i t i o n  is  id e a l ,  
i t  i s  o f  l i t t l e  p r a c t i c a l  use in  f i e l d  research because o f  the 
d i f f i c u l t y  in  measuring the v a r ia b le s  invo lved .
Hanley and Hobbs (1987) o f f e r  a concept o f  " ins tantaneous" 
ca r ry in g  capac i ty  t h a t  has p r a c t i c a l  a p p l i c a t io n  in  h a b i ta t  
e v a lu a t io n .  -At any p o in t  in  t ime,  a given h a b i ta t  can prov ide the 
resource needs o f  a given number o f  animals. In a n u t r i t i o n a l  
con tex t ,  instantaneous c a r ry in g  capac i ty  i s  de f ined as the number 
o f  animals per u n i t  o f  t ime and space th a t  can ob ta in  a d i e t  o f  
s p e c i f i c  value from a s p e c i f i c  h a b i ta t  type . Hobbs and S w i f t  
(1985) and Hanley and Rogers (1989) o f f e r  a lgor i thms f o r  es t im a t ing  
instantaneous c a r ry in g  c a p a c i ty .  Accurate in fo rm a t ion  regard ing 
food h a b i ts  and the q u a n t i t y  and q u a l i t y  o f  a v a i la b le  forage is  
requ i red  be fore  the r e l a t i v e  value o f  d i f f e r e n t  h a b i ta t  types a t  a
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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given t ime can be compared.
A g reat  deal o f  in fo rm a t io n  is  a v a i la b le  regard ing g r i z z l y  
food h a b i ts .  Research on n u t r i t i o n a l  requirements o f  cap t ive  bears 
is  ongoing (C. Robbins, pens, commun., Washington State U n iv . ) .
This in fo rm a t io n  is  esse n t ia l  to  s tud ies  o f  c a r ry in g  capac i ty .  
However. Hobbs and S w i f t  (1985) s ta te  th a t  al though work on 
d e s c r ip t io n  o f  n u t r i t i o n a l  requirements o f  animals i s  laudable ,  i t s  
use is  becoming l im i t e d  as our a b i l i t y  to  est imate n u t r i t i o n a l  
requirements outpaces our c a p a b i l i t y  to  descr ibe the n u t r i t i o n a l  
resources a v a i la b le  to  meet those requirements.
Much research has been d i re c te d  a t  the eva lua t ion  o f  g r i z z l y  
bear h a b i ta t  (Zager 1980, Zager 1983, Kasworm 1985, Aune e t  a l .  
1986, Banner e t  a l .  1986, Mace 1986, Hadden 1987). These e f f o r t s  
o f te n  inc luded cover est imates o f  a v a i la b le  bear food p la n ts .  For 
ins tance ,  Hadden e t  a l . (1985) incorpora ted food p la n t  cover and 
n u t r i t i o n a l  q u a l i t y  to  a r r i v e  a t  community type importance values. 
Fuhr and DiMarchi (1990) a lso  re la te d  h a b i ta t  q u a l i t y  and bear 
de n s i ty  to  a r r i v e  a t  an es t im a te  o f  ca r ry in g  ca p ac i ty .  Sub jec t ive  
cover est imates are economical to  c o l l e c t ,  a l though such est imates 
are handicapped w i th  both observer and s t a t i s t i c a l  b ias .
There fore ,  they do not s a t i s f y  a requirement f o r  known le v e ls  o f  
accuracy and p re c is io n  ( P i t t  and Schwab 1988) and they cannot 
p rov ide  accurate i n d ic a t io n s  o f  the n u t r i t i o n a l  value o f  var ious 
habi t a t s .
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Q u a n t i t a t i v e  est imates o f  biomass o f  vege ta t ion  o f f e r  
r e l i a b l e  in d ic a t io n s  o f  a v a i la b le  forage f o r  herb ivores  (Hobbs and 
S w i f t  1985). However, g r i z z l y  bears are om n ivo rous-oppor tun is t ic  
and t h e i r  d ie t s  inc lude  veg e ta t io n ,  in s e c ts ,  p ine nuts ,  c a r r io n ,  
rodents ,  and occasional la rg e r  prey items (U.S.F.W.S. 1987). 
Cons idera t ion o f  these elements o f  d i e t  cannot be dismissed.
Subt le aspects o f  o v e ra l l  d i e t ,  such as hunter gut p i le s  in  the 
f a l l  or  spr ing  c a r r io n  resources, may be o f  tremendous value to  
bears in  the study area.
Because o f  the complicated nature o f  fa c to rs  a f f e c t i n g  
c a r ry in g  cap a c i ty ,  a c u r re n t  research goal Is  not to  p re d ic t  
ca r ry in g  cap a c i ty ,  but r a th e r  to  est imate bear numbers expected in  
a p a r t i c u l a r  h a b i ta t .  A d d i t i o n a l l y ,  8. McLellan (pens, commun.) 
suggests a usefu l  measure o f  bear h a b i ta t  q u a l i t y  is  the product o f  
the d e n s i ty  o f  bears using a h a b i ta t  and the ra te  o f  weight gain 
f o r  in d iv id u a l  animals using the h a b i ta t .  Others have suggested 
s im i l a r  h a b i ta t  q u a l i t y  models f o r  var ious  species (Van Horne 1983, 
Hanley and Hobbs 1987). Weight gain o f  in d iv id u a ls  was c o r re la te d  
w i th  in d iv id u a l  f i t n e s s  and increases w i th  mean in d iv id u a l  and 
o f f s p r i n g  s u rv iv o rs h ip  (Van Horne 1983).
Estimates o f  a v a i la b le  food biomass can be d i r e c t l y  re la te d  
to  net energy and p ro te in  a v a i la b le  to  bears in  t h e i r  h a b i ta t .
This  in fo rm a t io n  could then be useful  in  r e l a t i n g  h a b i ta t  q u a l i t y  
to  weight  gains in  in d iv id u a l  bears. The ex tens ive  demographic
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database o f  the FGBP and the use o f  "knock-down" c o l l a r s  (3-M 
Company), and recap tu res ,  w i l l  produce in fo rm a t io n  on weight gain 
o f  in d iv id u a l  bears. (Knock-down manufactured by the 3-M Company 
are rad io  c o l l a r s  m od i f ied  to  inc lude  t r a n q u i l i z e r  da r ts  th a t  are 
a c t iv a te d  by remote c o n t r o l .  This enables researchers to  recapture 
and weigh the same in d iv id u a l  w i t h in  a s p e c i f i c  t ime frame. Knock­
down c o l l a r s  are c u r r e n t l y  being tes ted  on b lack  bears in  the North 
Fork o f  the Flathead R iver  a rea . )
Through comparison o f  the veg e ta t ive  c h a r a c te r i s t i c s  o f  
seasonal h a b i ta t  component types,  based on an understanding o f  food 
h a b i ts ,  food q u a l i t y ,  and weight gains o f  bears, component ra t in g s  
could be de l inea ted  based on bear food biomass (McLellan 1989a).
This would e l im in a te  the need to  measure the weight gains and 
number o f  bears using the h a b i ta t .
A r e la t io n s h ip  between h a b i ta t  q u a l i t y  and bear numbers may 
be detected by comparing the h a b i ta t  q u a l i t y  and bear numbers o f  
two o r  more areas where bears are be l ieved to  be approaching 
eco log ica l  c a r ry in g  capac i ty  (as descr ibed by Caughley 1977). The 
North Fork study area and Yellowstone National Park are two such 
areas; Yellowstone conta ins an unhunted popu la t ion  o f  g r i z z l y  bears 
and annual hunt ing harvests are less than 3% in  the North Fork 
popu la t ion  (McLellan 1989a). Fu r the r ,  research has produced 
ex tens ive  demographic in fo rm a t io n  on bears occu r r in g  in  both areas. 
H a b i ta t  s e le c t io n  o f  components by bears o f  known age and sex, food
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h a b i ts ,  and c h a r a c t e r i s t i c s  o f  feeding and bedding s i t e s  have been 
wel l  documented in  the study area (McLellan and Shackleton 1988a, 
McLellan 1989) and est imates o f  bear dens i ty  and popu la t ion  age 
s t r u c tu re  are be l ieved  to  be r e l i a b l e .  S im i la r  demographic 
in fo rm a t io n  e x is ts  regard ing the Yellowstone g r i z z l y  popu la t ion  
(Knight  e t  a l . 1984, Knight and Eberhardt 1985, Knight e t  a l .
1986).
Several fa c to rs  o th e r  than food resources c o n t r ib u t in g  to  
g r i z z l y  h a b i ta t  q u a l i t y ,  such as space, s h e l t e r ,  cover.  I s o la t i o n ,  
denning h a b i ta t ,  and the s p a t ia l  d i s t r i b u t i o n  o f  component types 
were not considered in  t h i s  research. Year ly  v a r i a t io n  In 
p r e c ip i t a t i o n  a lso  a f f e c t s  the annual c a p a b i l i t y  o f  h a b i ta ts  to  
support animals, although the rankings o f  those h a b i ta ts  remain 
la rg e ly  constant  (Hobbs e t  a l . 1989). A d d i t i o n a l l y ,  several 
p ro je c ts  have been d i re c te d  a t  d e sc r ib ing  g r i z z l y  soc ia l  and 
behaviora l  c h a r a c te r i s t i c s  and the e f f e c t s  o f  human d is tu rbance on 
g r i z z l y  numbers and behaviour (A rch iba ld  e t  a l . 1987. Mattson et  
a l . 1987, McLellan and Shackleton 1989a, McLellan and Shackleton 
1989b, McLellan 1990).
Factors In f lu e n c in g  h a b i ta t  q u a l i t y  are many, and attempts to  
manage h a b i ta t  s o le l y  on the basis  o f  a v a i la b le  n u t r i t i o n  o r  upon 
any o th e r  s in g le  or simple set o f  v a r ia b le s  are l i k e l y  to  produce 
less than des ired  e f f e c t s .  A va i la b le  energy est imates would 
however f a c i l i t a t e  management dec is ion s .  The United States Forest
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Serv ice  c u r r e n t l y  uses a g r i z z l y  bear Cumulative E f fec ts  Model 
(GEM) (Chr istensen 1986) which inco rpora tes  several fa c to rs  
in f lu e n c in g  h a b i ta t  q u a l i t y .  Values o f  f o r e s t  stands are ind ica ted  
by c o e f f i c i e n t s  in  the range o f  0.0 to  1.0 . The c o e f f i c i e n t s  are 
based on bear h a b i ta t  s e le c t io n  pa t te rns  in  the h a b i ta t  being 
eva luated.  Disadvantages o f  such c o e f f i c i e n t s  are th a t :  1) they 
are d i f f i c u l t  to  e x t ra p o la te  from the h a b i ta ts  in  which they were 
de r ived ,  2) i t  i s  d i f f i c u l t  to  use them in  developing any 
g e n e ra l iz a t io n s  r e l a t i n g  h a b i ta t  q u a l i t y  to  bear numbers, and 3) i t  
is  impossib le  to  use them in  e s t im a t ing  c a r ry in g  c a p a c i t ie s  o f  
d i f f e r e n t  h a b i ta ts  f o r  bears CL.J. Lyon, pers.  commun., U .S .F.S.,  
Missoula, M I) .
This research w i l l  p rov ide  a parametr ic  scale using actual 
p r o d u c t i v i t y  (kg/ha) scaled by n u t r i t i o n a l  q u a l i t y  which may 
prov ide  supe r io r  a l t e r n a t i v e s  to  the c o e f f i c i e n t s  u t i l i z e d  in  the 
CEM, o r  a t  le a s t  be incorpora ted  in to  the generat ion such 
c o e f f i c i e n t s .  Given knowledge o f  food hab i ts  and an i n i t i a l
es t imate  o f  p ro te in  and energy f o r  a h a b i ta t ,  i t  should be poss ib le
to  make some in fe rences  as to  the r e l a t i v e  value o f  h a b i ta t .  
Estimates o f  biomass, p ro te in ,  and energy can be d i r e c t l y  re la te d  
to  the maximum q u a l i t y  o f  d ie t s  ob ta inab le  by a sp e c i f ie d  number o f  
animals (Hobbs and S w i f t  1985) and th e re fo re  prov ide  a q u a n t i t a t i v e
measure o f  h a b i ta t  q u a l i t y .
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CHAPTER TWO : BIOMASS SAMPLING TECHNIQUES 
INTRODUCTION
Many techniques e x i s t  f o r  measuring the biomass o f  herbs and 
shrubs. The most accepted techniques req u i re  some c l i p p in g ,  
weighing and d ry in g .  Advantages o f  d i r e c t  weight methods inc lude 
the lack  o f  e r ro r  associated w i th  est imates by in d iv id u a ls  and 
between i n d i v id u a l s .  Because l i t t l e  o r  no judgement or 
concen t ra t ion  is  requ i red  o f  the in v e s t ig a to r ,  fa t ig u e  is  gene ra l ly  
not a ser ious problem. These advantages however are la rg e ly  o f f s e t  
by the t ime and sometimes labo r ious  e f f o r t  requ i red  o f  c l i p  and 
weigh techniques because o f  the la rge  sample s izes gene ra l ly  
requ i red  f o r  s t a t i s t i c a l l y  r e l i a b l e  data (Rutherford  1979).
Many a l t e r n a t i v e  methods f o r  es t im a t ion  o f  biomass have been 
developed ( P i t t  and Schwab 1988). This p o r t io n  o f  the research 
attempted to e l im in a te  or reduce the need f o r  c l i p p in g  and weighing 
o f  se lec ted g r i z z l y  bear foods by r e l a t i n g  biomass to  more e a s i l y  
a t ta in e d  v a r ia b le s .
This study focused on 7 bear food p la n t  species o f  importance 
to  g r i z z l y  bears (Table 1).  These species represent  major 
veg e ta t ive
12
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Table 1. Bear food species se lec ted  f o r  study in  the North Fork 
area, as re fe r re d  to  in  t h i s  re p o r t ,  and abbrev ia t ions  used in  
t a b l es.
Sci e n t i  f i  c 
name^
as re fe r re d  to  in  
t h i s  reoo r t
a bb r . 
used in  tab les
Ange l ica  arauta ange l ica ANAR
Eauisetum arvense equi setum EQAR
Ervthronium q ra nd i f lo rum erythronium ERGR
Hedvsarum sulohurescens hedysarum HESU
Heracleum lanatum heracleum HELA
Sheoherdia canadensis shepherdia SHCA
Vaccinium a lob u la re huck leberry VAGL
Nomenclature o f  bear foods fo l lo w s  Hitchcock and Cronquist  (1973)
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elements o f  g r i z z l y  bear d i e t  in  the study area (McLellan 1981, 
Hadden 1987). With the except ion o f  huck leberry  (Vaccinium 
a lo b u la r e ) ,  genus names w i l l  be used as common names f o r  a l l  
species throughout t h i s  r e p o r t .
L im i ta t io n s  on t ime prevented development p r e d ic t i v e  models 
f o r  a l l  o f  the se lec ted  bear food species. There fore ,  those 
species p resen t ing  the most d i f f i c u l t y  f o r  c l i p  and weigh 
techniques were given p r i o r i t y  over o th e rs .  Heracleum (Heracleum 
la n a tu m ) , hedysarum (Hedvsarum sulohurescens) . and shepherdia 
( Sheoherdia canadensis) b e r r ie s  were est imated by means o f  
measuring independent p r e d ic to r s .  These species have 
c h a r a c te r i s t i c s  which render them d i f f i c u l t  f o r  c l i p  and weigh 
techniques.
Heracleum is  a la rge  p la n t  and o f te n  d isp lays  a clumped or 
patchy d i s t r i b u t i o n .  Large sample p lo ts  were e f f i c i e n t  f o r  
m in im iz ing  var iance ;  consequent ly ,  c l i p p in g  and weighing la rge 
p lo ts  would have e n ta i le d  p r o h i b i t i v e  t ime requirements. G r iz z ly  
bears consume the ro o t  p o r t io n  o f  hedysarum and excavat ion o f  roots 
to  ob ta in  d i r e c t  weights was arduous and im p ra c t ic a l .  F in a l l y ,  
d i r e c t  weights o f  shepherdia invo lved  ha rves t ing  b e r r ie s .  Berry 
p roduc t ion  was v a r ia b le  and la rge  p lo t s  were necessary to  
accommodate v a r i a t i o n .  Again, the task  o f  p ic k in g  and weighing 
b e r r ie s  on la rge  p lo t s  would have been t ime consuming and ted ious .
P re d ic t io n  models were not developed f o r  es t im a t ing  the
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biomass o f  equisetum ( Eauisetum arvense) .  ange l ica  (Angel ica 
a ra u ta ) and h u c k le b e r r ie s .  Equisetum and ange l ica  are smal le r  
fo rbs  and were r e l a t i v e l y  easy to  c l i p  and weigh. Huckleberr ies 
w i t h in  p lo t s  were picked and d i r e c t l y  weighed because r e l i a b le  
techniques f o r  e s t im a t ing  be r ry  p roduct ion  are lack in g  in  the 
l i t e r a t u r e  and because shrubs were low growing and access ib le .  
F in a l l y ,  ery th ron ium ( Ervthronium q ra n d i f lo ru m ) bulb biomass was to  
be based on an average bulb weight  re la te d  to  a simple count o f  
p la n ts .
The o b je c t i v e  o f  t h i s  p o r t io n  o f  the study was to  develop 
s a t i s f a c t o r y  p r e d ic t i o n  models f o r  heracleum, hedysarum, and 
shepherdia be rry  biomass by r e l a t i n g  biomass to  more e a s i l y  
measured v a r ia b le s .
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METHODS
Heracleum
Est imat ion o f  heracleum biomass e n ta i le d  a m ul t i -phase 
sampling method. A p re l im in a ry  sample was obtained from several 
randomly se lected r i p a r ia n  s i t e s  in  the study area in  an e f f o r t  to  
accumulate a re p re s e n ta t iv e  sample (n=T14). F o l i a r  cover ( v e r t i c a l  
p r o je c t io n  o f  p la n t  area to  ground surface) o f  i n d iv id u a l  p lan ts  
was obta ined by measuring the leng th  and w id th  o f  l e a f  canopy 
surface area, as we l l  as the he igh t  o f  each stem. Basal stem area 
was measured a t  1 cm above ground leve l  a t  the base o f  stems. 
Heracleum is  a many stemmed p la n t ,  and basal stem area o f  an e n t i r e  
p la n t  was obta ined by grasping a l l  stems in  hand, and measuring the 
leng th  and w id th  o f  the c lu s te r .  In d iv id u a l  p lan ts  were then 
c l ip p e d  and weighed. Cover, basal area o f  stems, number o f  stems, 
and he igh t  were tes ted  as p re d ic to rs  o f  biomass. A l l  p lan ts  were 
c o l le c te d  dur ing pre -  f low e r  stage (e a r ly  J u l y ) ,  a f t e r  a m a jo r i t y  
had reached the peak o f  ve g e ta t ive  growth.
Hedvsarum
Root biomass o f  hedysarum was approximated by examining the 
r e la t i o n s h ip  between above ground biomass, o r  standing crop, and 
ro o t  biomass. Standing crop o f  in d iv id u a l  p la n ts  was c l ipped  a t  
ground le ve l  and weighed. Although attempts were made to  c o l l e c t
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the sample dur ing the p re - f lo w e r in g  stage, some p lan ts  had 
i n i t i a t e d  f lo w e r in g .  I f  f lo w e r in g  stems were encountered, stems 
were f i r s t  c l ipp ed  below the f lo w e r in g  p o r t io n  a t  the approximate 
average p la n t  h e ig h t .  Flowering p o r t io n s  were thus e l im ina ted  from 
the sample to  e l im in a te  both the v a r i a t i o n  in  weights o f  f low er ing  
stems as wel l  as between f lo w e r in g  and p re - f lo w e r  p la n ts .  Root 
p o r t io n s  to  6 inches (15.2 cm) below ground leve l  were excavated 
and weighed. Excavation o f  roo t  mass below 6 Inches was extremely 
d i f f i c u l t  because o f  the rocky s o i l s  and f r a g i l e  nature o f  
hedysarum ro o ts .  F in a l l y ,  samples o f  both herbaceous and roo t  
p o r t io n s  were a i r  d r ie d  f o r  several days, and then oven -  d r ied  fo r  
36 hours a t  40° C to  ob ta in  dry we igh ts .  A l l  p lan ts  were c o l le c te d  
dur ing the in  mid J u ly ,  w i t h in  seven days.
Shepherdia Berr ies
Biomass o f  shepherdia was est imated w i th  a mul t i -phase 
sampling design, based on m o d i f i c a t io n  o f  a methodology described 
by Brown (1976) f o r  e s t im a t ing  shrub biomass. In a p re l im in a ry  
stage, stems were c o l le c te d  from several randomly se lected 
s h ru b f ie ld s  in  the study area in  o rder  to  accumulate a 
re p re s e n ta t iv e  sample. Stems were cu t  a t  1 cm above ground leve l  
o r  a t  1 cm above the ro o t  crown.
Stem d iameter,  stem leng th ,  and be r ry  weight per stem were 
recorded. A go -  no -  go gauge was employed to  c la s s i f y  stem
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diameters i n to  three ca tego r ies  : 0.375 in  (9.5 mm), 0.500 in  (12.7 
mm), and 0.625 in  (15.9 mm). Stem diameter was measured a t  the 
base o f  the cu t  stem. I f  the diameter a t  t h i s  p o in t  exceeded 0.625 
in ,  the measurement was made immediately  above the f i r s t  branching 
p o in t ,  as stems w i th  diameters o f  g re a te r  than 0.625 in were 
u s u a l ly  comprised o f  two o r  more sm al le r  branches. The diameters 
o f  the branched stems were then measured. Stem length  was also 
measured from the lowest p o in t  on the stem. F in a l l y ,  b e r r ie s  were 
s t r ip p e d  from each stem and weighed to  ob ta in  the mean berry  weight 
and standard e r r o r  f o r  each o f  the 3 stem c lasses.
S t a t i s t i c a l  analyses were completed on the U n iv e rs i t y  o f  
Montana's VAX 8600 computer using the S t a t i s t i c a l  Package f o r  the 
Social Sciences (SPSS) (SPSS I n c . ,  1983, Norusis 1985).
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RESULTS
Heracleum
A l i n e a r  (Y = a + bX, + cXg) regress ion was adequate when 
cover (COV), cover squared (COV^), basal area (BA), basal area 
squared (BAf) ,  he igh t  (HGT), he igh t  squared (HGT^), and number o f  
stems (STM) were regressed on biomass. Several o f  the independent 
v a r ia b le s  were s i g n i f i c a n t l y  c o r re la te d  w i th  biomass. COV, STM and 
BA were h ig h ly  c o r re la te d  to  biomass. C o r re la t io n  c o e f f i c ie n t s  
were 0.88, 0.86, and 0.85 re s p e c t iv e ly ,  and were s i g n i f i c a n t  (p < 
0 .001) .  HGT was po o r ly  c o r re la te d  ( r  = 0.35) to  biomass. These 
v a r ia b le s  were then evaluated w i th  stepwise reg ress ion .  COV% and 
BA2 were e l im in a ted  due to  non -  s i g n i f i c a n t  p a r t i a l  c o r re la t io n s  
(p > 0 .0 5 ) .  STM was deemed usefu l  in  p r e d ic t i o n ,  but was 
e l im in a te d  from an a lys is  because the model improved on ly  m in im a l ly  
w i th  i t s  in c lu s io n  and because f i e l d  measurement o f  many -  stemmed 
p lan ts  was time consuming. Therefore COV and BA were re ta ined  as 
p re d ic to rs  o f  biomass (Table 2),
A p l o t  o f  the s tandard ized res id u a ls  versus p red ic ted  biomass 
revealed var iance p ro p o r t io n a l  to  the mean p re d ic t io n s  (Appendix 
A).  There fore ,  the assumption o f  common var iance about p red ic ted  
means was v io la te d ,  which re s u l t s  in  an "averaged" est imate o f  
var iance and in v a l id a te s  est imates o f  the sampling e r ro r  
(B aske rv i11e 1972).
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Table 2 . Heracleum ( Heracleum lanatum) l i n e a r  regress ion re s u l t s
(Biomass = constan t  + Cover + Basal area o f  stems).
M u l t i p l e  R 
R Square 
Ad j.  R. Square 
SE
0.93099
0.86675
0.86437
76.82886
ANOVA
DP SS MS
Regression 2 4300136.95 2150068.48
Residual 112 661099.45 5902.67
F = 364.25332 SIG F = 0.0000
V a r iab le B SE B Beta T Sig I
Cover 4.1248 0.3684 0.5561 11.1940 0.0000
Basal area o f  stems 2.6072 0.2898 0.4469 8.9960 0.0000
const. -2.5849 10.5300
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To remedy the s i t u a t i o n ,  lo g a r i th m ic  t rans fo rm at ions  o f  both 
independent v a r ia b le s ,  COV and BA, were regressed on the 
lo g a r i th m ic  t ra n s fo rm a t io n  o f  biomass. Regression re s u l t s  revealed 
s i g n i f i c a n t  c o r r e la t i o n s  and p a r t i a l  c o r re la t i o n s  o f  both 
independent v a r ia b le s  to  the dependent v a r ia b le  (Table 3 ) .  
A d d i t i o n a l l y ,  the res idua l  p l o t  d isp layed more equal var iance 
around p re d ic te d  means (Appendix A).
Conversion o f  the unbiased lo g a r i th m ic  est imates o f  the mean 
back to  a r i th m e t ic  means i s  not d i r e c t .  An inhe ren t  bias in  the 
lo g a r i th m ic  sum o f  le a s t  squares regress ion re s u l t s  from a skewed 
d i s t r i b u t i o n  o f  the a r i th m e t ic  squared dev ia tes around the mean 
regress ion  l i n e  (B a s k e rv i l ie  1972). D i re c t  an t i  lo g a r i th m ic  
conversion o f  p re d ic te d  values and associated var iance to  the 
a r i th m e t ic  u n i t s  leads to  systematic  underest imat ion o f  biomass.
The fo l lo w in g  method (Brownlee 1967) was employed to  c o r re c t  
the a r i th m e t ic  u n i t s :
Ÿ = +
where Y = p re d ic te d  biomass, = Ln(Y), and = sample var iance o f  
the lo g a r i th m ic  equat ion.
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Table 3. Heracleum (Heracleum lanatum) log l i n e a r  regress ion
re s u l t s  (Biomass = constan t  + Cover + Basal area o f  stems).
M u l t i p l e  R 0.95433
R Square = 0.91075
Adj.  R. Square = 0.90915
SE 0.34492
ANOVA
OF SS MS
Regression 2 135.9614 67.9807
Residual 112 13.3242 0.1190
F = 571.42479 SIG F = 0.0000
V a r iab le B SE B Beta I  Sig I
1nCover 0.3238 0.0295 0.5316 10.9540 0.0000
InSasal area o f stems 0.4794 0.0494 0.4704 9.6940 0.0000
const. 2.6359 0.1078 24.4530 0.0000
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Hedvsarum
Fresh we ight  (FRWT), FRWT^, and dry  weight (DRWT) o f  
hedysarum above -  ground biomass were p o s i t i v e l y  c o r re la te d  w i th  
dry roo t  we igh t ;  the c o r r e la t i o n  c o e f f i c i e n t s  were 0.64 , 0.55, and 
0.68 re s p e c t iv e ly  and were s i g n i f i c a n t  (p < 0 .0 5 ) .  A negative 
c o r r e la t i o n ,  -  0 .42, ex is te d  between 1/FRWT and dry  roo t  biomass.
Fresh weight  o f  s tanding crop biomass (FRWT) , f resh  weight 
FRWJ2, and 1/FRWT were regressed on the dry weight o f  roo t  biomass. 
Stepwise regress ion  e l im in a ted  1/FRWT due to  non -  s i g n i f i c a n t  
p a r t i a l  c o r r e la t i o n s .  The regress ion  model improved on ly  m in im a l ly  
w i th  the a d d i t io n  o f  FRWT2, th e re fo re  on ly  FRWT was re ta ined  as the
independent v a r ia b le  (Table 4) .
Examination o f  the res idua l  p l o t  revealed variances 
p ro p o r t io n a l  to  the p re d ic te d  means. Logar i thmic t rans fo rm at ions  
o f  FRWT and DRRT co r rec ted  the s i t u a t i o n  (Table 5 ) .  The c o r re c t io n  
equat ion (Brownlee 1972) descr ibed p re v io u s ly  was used to  convert  
transformed data back to  a r i th m e t ic  u n i t s .
Shepherdia Berr ies
Mean berry  weights (g/stem) f o r  each o f  the three stem
diameter classes o f  0.375, 0.500, and 0.625 are presented in  Table
6. While 80% conf idence in te r v a l s  tend to  be wide, the mean berry  
weights were s i g n i f i c a n t l y  d i f f e r e n t  (p < 0.05) from each o the r .
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Table 4. Hedysarum ( Hedvsarum sulohurescens) l i n e a r  regress ion
r e s u l t s  (Dry ro o t  biomass = constan t  + Fresh above -  ground
biomass).
M u l t i p l e  R 
R Square 
Ad j .  R. Square 
SE
0.64447
0.41534
0.40812
7.98029
ANOVA
Regression
Residual
OF
1
81
SS
3664.58
5158.48
MS
3664.58
63.68
F = 57.54 SIG F = 0.0000
V a r iab le B SE B Beta T Sig I
Fr. above -  ground 
constant
0.1480
7.0131
0.0195 0. 
1.2064
,6445 7.5860 0.0000 
5.1380 0.0000
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Table 5. Hedysarum (Hedvsarum sulohurescens) log l i n e a r  regress ion 
re s u l t s  ( InDry ro o t  biomass = constan t  + InFresh above -  ground 
b iomass).
M u l t i p l e  R 
R Square 
Ad j.  R. Square 
SE
0.76226
0.58105
0.57600
0.51785
ANOVA
OF SS MS
Regression 1 30.8697 30.8697
Residual 83 22.2577 0.2682
F = 571.4248 SIG F = 0.0000
V a r iab le B SE B Beta I  Sig I
InF r .  above-ground 0.0544 0.0506 0.7623 10.7290 0.0000
const. 0.5586 0.1703 3.2790 0.0015
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Table 6. Mean shepherdia (Sheoherdia canadensis) be r ry  weight (g) 
per stem diameter c la ss .
Diameter Class X sd se n
0.375 in . 9.2 6.5 0.4 123
0.500 in . 16.9 11.7 1.2 102
0.625 in . 30.1 21.3 2.2 96
X is  mean weight  (grams) per stem diameter c lass ;  
sd is  the standard d e v ia t io n  o f  the mean; 
se is  the standard e r r o r  o f  the mean; 
n is  the sample s ize  per stem diameter c lass .
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Stem leng th  was po o r ly  c o r re la te d  w i th  be r ry  weight and time 
consuming to  measure in  the f i e l d .  There fore ,  on ly  stem diameter 
c lass  was re ta ine d  in  the f i n a l  a n a lys is .
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DISCUSSION
Heracleum
Results in d ic a te d  t h a t  cover and stem basal area were 
r e l i a b l e  p re d ic to rs  o f  biomass o f  heracleum. The log l i n e a r  
regress ion  model was used to  p r e d ic t  heracleum biomass from these 
independent v a r ia b le s .
An a l t e r n a t i v e  to  b u i ld in g  a regress ion model f o r  heracleum 
was o cu la r  e s t im a t ion  o f  biomass (Tadmor e t  a l .  1975). Ocular 
e s t im a t ion  would p rov ide  est imates o f  biomass re q u i r in g  few actual 
measurements. I b r i e f l y  attempted ocu la r  es t im a t ion  o f  heracleum 
but be l ieved the e r r o r  associa ted w i th  es t im a t ion  would be high. 
There fore ,  I d id  not use the method f o r  the f i n a l  sampling 
technique. Ocular es t im a t ion  o f  heracleum proved d i f f i c u l t  because 
o f  i t s  many -  stemmed growth and many la rge leaves. Tadmor e t  a l .  
(1975) a lso  discussed d i f f i c u l t i e s  associa ted w i th  es t im a t ing  very 
t a l l  o r  dense herbaceous veg e ta t ion .
Hedvsarum
Standing crop o f  hedysarum was on ly  t o le r a b le  as a p re d ic to r  
o f  roo t  biomass as in d ica te d  by the mediocre r^ value and the 
r e s u l t i n g  wide conf idence i n t e r v a l s .  Work on ro o t  biomass 
e s t im a t io n  techniques is  needed. A d d i t i o n a l l y ,  the value o f  above 
ground biomass as a p r e d ic to r  o f  ro o t  biomass is  l i k e l y  to  vary
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between years as a fu n c t io n  o f  c l i m a t i c  c o n d i t io n s .  During drought 
years ,  the growth herbaceous p o r t io n s  o f  perennia l  p lan ts  may be 
impeded and may not r e f l e c t  the mass o f  the ro o t  system. However, 
the r e la t i o n s h ip  o f  s tanding crop to  below ground biomass should 
remain r e l a t i v e ,
F o rce l la  and Weaver (1977) determined the mean below -  to  
above -  ground r a t i o s  f o r  Pinus a l b i c a u l i s  and Vaccinium scooarium 
and re la te d  t o t a l  p r o d u c t i v i t y  to  canopy cover.  The re la t io n s h ip  
o f  cover and he igh t  to  above ground biomass o f  hedysarum may 
prov ide  f e a s ib le  a l t e r n a t i v e s  to  c l i p p in g  and weighing above ground 
biomass.
Dry weight  o f  above ground biomass was s l i g h t l y  more 
c o r re la te d  w i th  dry  ro o t  biomass (0.68) than was f resh  weight 
(0 .6 4 ) .  Ocular es t im a t io n  o f  dry weight is  discussed by Tadmor e t  
a l .  (1975). A lso ,  Reese e t  a l .  (1980) found dry weight es t im a t ion  
as r e l i a b l e  as c l i p p in g  herbage in  subalpine h a b i ta ts .  Although 
o cu la r  es t im a t ion  o f  hedysarum s tanding crop was not pursued in 
t h i s  s tudy,  dry weight es t im a t ion  o f  above ground biomass could 
prove usefu l  f o r  p re d i c t i n g  dry ro o t  mass o f  hedysarum.
Log t rans fo rm a t ions  were used to  c o r re c t  the p ropo r t iona l  
var iance o f  the p re d ic t io n s  around the regress ion  l i n e .  An op t ion  
not exp lored in  t h i s  study is  i t e r a t i v e  weighted le a s t  squares 
reg ress ion .  Such analyses are a v a i la b le  on computer programs and 
may prove h e lp fu l  in  dea l ing  w i th  p ro p o r t io n a l  var iances inhe ren t
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in  the nature o f  many p la n t  species.
Sheoherdia Berr ies
Brown (1976) found th a t  shrub biomass was c o r re la te d  w i th  
basal stem diameters.  The method developed in  t h i s  study was based 
on premise th a t  be r ry  biomass was l i k e w is e  c o r re la te d  to  basal stem 
d iameter.  My r e s u l t s  in d i c a te  s i g n i f i c a n t l y  d i f f e r e n t  mean berry  
weights per stem diameter c lasses although there  was sub s tan t ia l  
v a r i a t i o n .  More p rec ise  es t im a t ion  o f  be r ry  weight may be achieved 
through regress ion  o f  independent basal stem measurements, ra the r  
than stem diameter c la ss ,  on be rry  we ight .  This would requ i re  
s u b s t a n t i a l l y  more f i e l d  t ime.
An op t ion  not exp lored in  t h i s  study is  r e l a t i v e  -  weight 
e s t im a t io n .  Berr ies  on shrubs could be est imated as a percentage 
o f  the weight o f  b e r r ie s  on a branch th a t  serves as a standard.
This would be a m o d i f i c a t io n  o f  a method discussed by Cabral and 
West (1986) who tes ted  the method on w i n t e r f a t  (Certo ides la n a ta ) . . 
Double sampling o f  some est imated quadrats was s t i l l  deemed 
necessary to c o r re c t  observer b ias ,  y e t  they found the method 
accurate and p rec ise  when compared to  c l i p  and weigh techniques. 
However, more t ime may be invo lved in  es t im a t ing  berry  p roduct ion 
on many stems than in  measuring stem diameters w i th  a gauge. A lso, 
in v e s t ig a to r  fa t ig u e  may in t roduce  a d d i t io n a l  b ia s .
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CONCLUSIONS
Considering the t ime and e f f o r t  e n ta i le d  in  ob ta in in g  d i r e c t  
weights o f  heracleum biomass and hedysarum roo t  biomass, the 
development o f  regress ion  models provided a usefu l  a l t e r n a t i v e .  
Least squares regress ion  analyses in d ica te d  th a t  the lo g a r i th m ic  
t rans fo rm a t ions  o f  cover and basal area o f  heracleum provided 
p rec ise  p re d ic t io n s  o f  the lo g a r i th m ic  t ran s fo rm a t io n  o f  biomass. 
Logar i thm ic  t ra n s fo rm a t io n  o f  hedysarum above -  ground biomass was 
ba re ly  adequate f o r  p re d i c t i n g  the lo g a r i th m ic  t rans fo rm a t ion  o f  
dry roo t  biomass.
Stem diameter c lass  was an adequate p r e d ic to r  o f  shepherdia 
be rry  biomass per stem. The model developed was a t  le a s t  super io r  
to  ha rves t ing  be r ry  samples. The p a r t i c u l a r  stem diameter classes 
used in  t h i s  study would have to  be reevaluated over a per iod  o f  
several years to  assess t h e i r  use as a p r e d ic to r  o f  berry  
p ro du c t ion .  R e la t ive  -  weight es t im a t ion  is  a f i e l d  technique 
worthy o f  c o n s id e ra t io n ;  however, the t ime and e r ro r  associated 
w i th  e s t im a t ion  o f  many stems could be p r o h i b i t i v e l y  h igh.
Ocular e s t im a t io n  o f  bear food p la n ts  such as hedysarum and 
equisetum, c a l ib ra te d  by ha rves t ing ,  could prove useful in  
o b ta in in g  s t a t i s t i c a l l y  v a l i d  measures o f  biomass. I t  i s  important 
to  cons ider  t h a t  p rec ise  e s t im a t ion  methods o f te n  requ i re  
con cen t ra t ion  and may r e s u l t  in  observer fa t ig u e ,  consequently
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in c reas ing  the p o te n t ia l  es t im a t ion  e r r o r  (Hutchings and Schmautz 
1969).
R e la t ive  -  weight es t im a t ion  and ranked -  se t  sampling 
p rov ide  op t ions  f o r  e s t im a t ing  huck leberry  p r o d u c t i v i t y  and warrant 
f u r t h e r  i n v e s t ig a t io n .  The stem diameter c lass  approach described 
f o r  shepherdia i s  not a p p l ic a b le  to  huck lebe rr ies  due to the many 
f i n e  stems occu r r in g  on huck leberry  shrubs (Brown 1976). My 
r a t io n a le  in  using d i r e c t  harvest  to  determine be r ry  product ion was 
to  e l im in a te  as much p o te n t ia l  sample b ias as po ss ib le .  However, I 
am unable to  conclude t h a t  p ic k in g  and weighing provided the 
opt imal sampling s t ra te g y  f o r  be r ry  p roduc t ion .  Comparison o f  
methods o f  e s t im a t ion  to  d i r e c t  weights i s  requ i red .
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CHAPTER THREE; BIOMASS ESTIMATION IN HABITAT UNITS
INTRODUCTION
The second phase o f  t h i s  research was a f i e l d  t e s t  o f
sampling methods. The o b je c t i v e  o f  t h i s  p o r t io n  o f  the study was
to  develop a sampling s t ra te g y  to  est imate bear food biomass, based 
on se lec ted  bear food p la n t  spec ies,  f o r  se lected g r i z z l y  bear 
h a b i ta t  components. Seasonal carbohydrate and p ro te in  contents 
(based on dry we ight)  were combined w i th  dry weight biomass
est imates to y i e l d  net veg e ta t ive  energy and p ro te in  contents o f
se lec ted  species per u n i t  area o f  h a b i ta t  component. The methods 
descr ibed in  Chapter Two were used to  est imate the biomass o f  
heracleum, hedysarum roo t  mass and shepherdia b e r r ie s .  Equisetum, 
an ge l ica ,  and hu ck le be r r ies  were est imated by d i r e c t  c l i p  and weigh 
techniques.
33
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METHODS 
General Sample Design
Selected Bear Foods
Seven bear forage species were sampled (see Table 1, Chapter 
2 ) .  When p o s s ib le ,  data were c o l le c te d  in  key component types 
dur ing season -  o f  -  use by bears (McLellan and Shackleton 1989a). 
This s t ra te g y  was an at tempt to  maximize the accuracy o f  a va i la b le  
forage es t imates .  With the except ion o f  hu ck le b e r r ie s ,  n u t r ie n t  
values used in  t h i s  research were obta ined from ana lys is  o f  p lan ts  
c o l le c te d  seasonal ly  on the study area (D. H e w i t t ,  unpubl. data, 
Washington State U n iv . ) .  Huckleberry n u t r i e n t  values were gleaned 
from domestic b luebe r ry  l i t e r a t u r e .
S t r a t i f i c a t i o n  o f  Study Area
P rev iou s ly ,  b iophys ica l  h a b i ta t  mapping methods (Oemarchi e t
a l . ,  in  p rep . )  were used to  d e l in e a te  g r i z z l y  bear h a b i ta t  in  the
study area (Fuhr and DeMarchi 1990). I n i t i a l  s t r a t i f i c a t i o n  o f  the 
study area was based on the B r i t i s h  Columbia b iophys ica l  g r i z z l y  
h a b i ta t  map (1:50000) (Lea e t  a l . .  1988). F i f te e n  g r i z z l y  bear 
h a b i ta t  u n i t s  were descr ibed f o r  the study area (Table 7 ) .
Complete h a b i ta t  u n i t  d e s c r ip t io n s  are presented in  Appendix B, and 
h a b i ta t  u n i t s  are compared to  h a b i ta t  types ( P f i s t e r  e t  a l .  1977)
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Table 7. H a b i ta t  u n i t s  occu r r in g  in  the North Fork o f  the Flathead 
R iver  study area (Lea e t  a l .  1988).
AH S i tk a  a ld e r / I n d ia n  he l leb o re  avalanche chutes
AT A lp in e  tundra
DFl® Douglas f i r / I d a h o  fescue, shal low s o i l s
0F2
DF3
DF4
FAl Subalpine f i r / f a l s e  azalea mesic
FA2 
F A3 
FA4
GB Gravel bars
GF Grassy f i e l d s
HBl Black h u ck le b e r ry /b e a r -g ra ss , sou the r ly  aspect
HB2
HB3
HB4
LFl Lodgepole p in e / fa ls e b o x  sou the r ly  aspect
LF2 
LF3 
LF4
LMl Lodgepole p ine /p ineg rass  morainal s o i l s
LM2
LM3
LM4
LPl Lodgepole p ine /p ineg rass  coarse f l u v i a l  s o i l s
LP2
LP3
LP4
RO Rock
SHI Spruce/horse mois t  f l o o d p la in
SH2
SH3
SH4
SS Saskatoon/w i ld  s t rawberry  dry avalanche chute
WC Wi1low/cowparsnip a c t iv e  f lo o d p la in
WS Wil low/sedge fen
I I  I I
I I  >1
Numbers r e fe r  to  sera i stages:
1 Shrub/Herb
2 Po le /Sap l ing  -  < 20 years
3 Young Forest -  20 to  80 years
4 Mature Forests -  over 80 years
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in  Appendix C.
Sampling occurred in  the u n i ts  known to  con ta in  the se lected 
bear food p la n t  species.  C e r ta in  sera i stages and h a b i ta t  un i ts  
were combined to  s im p l i f y  sampling r e s u l t i n g  in  9 u n i ts  to  be 
sampled (Table 8 ) .
H ab i ta t  u n i t s  DF3 and HB3 were combined to  produce DFHB3 
because they were d i f f i c u l t  to  d i s t i n g u is h  in  the f i e l d  and because 
huck leberry  occurred r e l a t i v e l y  u n i fo rm ly  throughout de l ineated  
areas. Serai stages DF3, HB3, and HB4 were combined f o r  s im i la r  
reasons r e s u l t i n g  in  HBDF34. In essence, huck leberry  sh ru b f ie ld s  
were cha rac te r ized  as open slope (0 to  5% ove rs to ry  canopy cover) 
or  open t imber (6 to  30% ove rs to ry  canopy cover) w i th  a < 10% 
unders tory  cover o f  Vaccinium sp.
Shepherdia s h ru b f ie ld s  and o ld e r  t imbered stands contained a 
m ix tu re  o f  LM and LP h a b i ta ts  which were d i f f i c u l t  to  d is t in g u is h  
in  the f i e l d .  There fore ,  u n i t s  LMl and LPl, and LM3, LP3, LM4 and 
LP4 were a lso combined to  s im p l i f y  sampling s t ra te g ie s  r e s u l t in g  in  
LMLPl and LMLP34, r e s p e c t iv e ly .
An i n t e r e s t in g  phenomenon was observed as the s t r a t i f i c a t i o n  
process proceeded. Shepherdia shrub p roduc t ion  was high In a l l  
c le a rc u t  LM and LP u n i t s  and in  a l l  but the fo u r th  serai stage. 
I n i t i a l l y ,  a l l  LM and LP stands were to  be inc luded the sample 
p o p u la t io n .  However, rap id  reconnaissance o f  the areas revealed 
l i t t l e  o r  no be r ry  p roduc t ion  on LM o r  LP stands occu rr ing  below
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Table 8. H a b i ta t  u n i t s  and sera i stages (Lea e t  a l .  1988), and 
combined u n i t s  and serai stages, se lected f o r  sampling in  the North 
Fork o f  the Flathead R iver  dra inage.
DFl serai stage 1 ; avalanche chute
FAl serai stage 1 ; avalanche chute
FAl serai s ta te  1; shepherdia shrub f i e l d
SH34 serai stages 3 and 4; sp ru ce /h o rse ta i l  r ip a r ia n
WC3 serai stage 3; w i l low /cowparsn ip  r i p a r ia n
HBDFl
HBDF34
LMLPl
LMLP34
h a b i ta t  u n i t s  HBl and DFl were combined to  produce open 
huck leberry  s h ru b f ie ld  (ove rs to ry  canopy cover < 5%).
h a b i ta t  u n i t s  HB and OF and serai stages 3 and 4 were 
combined to  produce open t imber huck leberry  s h ru b f ie ld  
(ove rs to ry  canopy cover 5 -  30%).
h a b i ta t  u n i t s  LM and LP, serai stage 1, were combined 
to produce c le a rc u t  shepherdia s h ru b f ie ld  (ove rs to ry  
canopy cover < 5%).
h a b i ta t  u n i t s  LM and LP and serai stages 3 and 4 were 
combined to  produce t imbered shepherdia s h ru b f ie ld  
(ove rs to ry  canopy cover > 10%).
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approx imate ly  1300 m. There fore ,  LM and LP stands occu r r ing  
be1owl300 m were excluded from the sampling p o p u la t ion .
In the lower Flathead R iver  dra inage, SH3 and SH4 serai 
stages in  the lower Sage Creek and Kishinena River drainages were 
combined to  s im p l i f y  sampling which re su l te d  in  SH34. Hab i ta ts  
were v e g e ta t i v e ly  and s t r u c t u r a l l y  s im i l a r  w i th  a comparable 
abundance o f  bear forage species, in c lu d in g  those under 
in v e s t ig a t io n .
A d d i t i o n a l l y ,  avalanche chute components FAX and DFl were 
f u r t h e r  s t r a t i f i e d  to  accommodate v a r i a t i o n .  This approach 
r e f le c te d  an at tempt to  minimize the requ ired  sample s ize by 
reducing the v a r i a t i o n  w i t h in  sampling u n i t s .  Avalanche chutes 
were d iv id ed  i n to  h igh ,  medium and low e le v a t io n .  Mace (1986) 
descr ibed communities a t  these le v e ls  as a f fe c te d  by g ra d ien t .
High e leva t ion s  (> 1400 m) had steep g ra d ie n ts ,  poo r ly  developed 
s o i l s ,  and g e n e ra l ly  e x h ib i t  more x e r i c  environments. Low (< 1300 
m) e le v a t io n  was cha rac te r ized  as a broad mesic fan .  Only medium (< 
1400 m) and low e le va t io n s  were sampled because the high e le va t io n  
p o r t io n s  o f  the chutes conta ined n e g l i g i b l e  amounts o f  forage 
species being s tud ied .  Sampling occurred on ly  in  the a lde r  -  shrub 
community type in  the chute and in  the mesic herbaceous fan.
H a b i ta t  u n i t s  and sera i stages repor ted  as not con ta in ing  
apprec iab le  q u a n t i t i e s  o f  bear foods (Lea e t  a l .  1988) were not 
sampled. Rapid reconnaissance o f  these areas supported the
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conc lus ion  th a t  bear foods ex is te d  the re  in  l im i t e d  q u a n t i t i e s .
Sampling S tra tegy
A two-stage sampling method was incorpora ted  to est imate bear 
food biomass. Using the b iophys ica l  g r i z z l y  h a b i ta t  maps (Lea e t  
a l .  1988), and 1:15.000 c o lo r  a e r ia l  photographs, each h a b i ta t  u n i t  
was d iv id e d  i n t o  approx imate ly  equa l-s ized  b locks .  Block s ize was 
determined by es t im a t in g  the area I was able to  sample in  one day. 
Un i t  area (ha) was determined f o r  a l l  blocks using a d i g i t a l  
p lan im e te r .  Blocks o f  each pr imary u n i t  were randomly se lected and 
then sampled as t ime p e rm i t te d .
In each pr imary sampling b lock  I employed a s t r a ig h t  l i n e  
t ra n s e c t  w i th  a random i n i t i a l  s t a r t i n g  p o in t .  I used east-west 
t ra n se c ts  in  a l l  h a b i ta t  components except avalanche chutes, where 
t ran sec ts  ran downslope in  a "z ig -za g "  fash ion .  P lo ts  were located 
s y s te m a t ic a l l y  along the t ra n s e c t  l i n e .  The number o f  p lo ts  
sampled, d is tance  between sampling p o in ts ,  and d is tance between 
t ran sec ts  was based on the t o t a l  sample s ize  requ i red  fo r  each 
b lock .  Transects were spaced a t  re g u la r  in te r v a l s  located 
throughout the b lock  to  ob ta in  a re p re se n ta t ive  sample.
The requ i red  sample s ize  per b lock  was based on est imates 
from the 1989 f i e l d  season and on subsamples c o l le c te d  in  1990. 
S ta u f fe r  (1983) presented ta b le s  summarizing adequate sample s ize
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as a fu n c t io n  o f  the est imated c o e f f i c i e n t  o f  v a r i a t i o n  and 
sampling e r ro rs  a t  s p e c i f ie d  le v e ls  o f  conf idence and e r ro r .
The number o f  samples requ i red  per b lock  was est imated us ing:
n = t2 * CV2 / PE2
where t  = t  value w i th  a/2 p r o b a b i l i t y  and n-1 degrees o f  freedom; 
CV = s /  % ; PE = w id th  o f  conf idence in te r v a l  /  7.
Means and standard d e v ia t ion s  o f  biomass f o r  component types 
were est imated through ana lys is  o f  data accumulated dur ing the 1989 
f i e l d  season, as we l l  as through an a lys is  o f  subsets o f  data 
c o l le c te d  dur ing 1990.
McQulsten and Gebhart (1983) suggested th a t  85% confidence 
was s u i ta b le  f o r  land management dec is ions ,  but t h a t  repor ts  based 
on 75% conf idence should con ta in  q u a l i f i c a t i o n s .  An 80% confidence 
leve l  f o r  sampling p re c is io n  le v e ls  w i th in  20% o f  the estimated 
po pu la t ion  mean was assumed as recommended by P i t t  and Schwab 
(1989) and Mueggler (1976). As t ime pe rm i t ted ,  the requ ired  number 
o f  p lo t s  were sampled In each sampling b lock .
Sampling P lo ts
The requ i red  p l o t  s ize  va r ied  among the se lected bear food 
p la n t  species. Optimal p l o t  s ize  f o r  any species is  In f luenced by
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the p a t te rn  o f  i t s  occurrence (Greig-Smith 1983). During a t r i a l  
and e r r o r  p e r io d ,  p l o t  s ize  f o r  each se lec ted forage species was 
increased u n t i l  the number o f  p lo t s  con ta in in g  0 grams o f  the 
species was min imized, and/or  be fore  the p l o t  s ize  increased to the 
p o in t  which made sampling im p r a c t i c a l .  Where two o r  more species 
re q u i r in g  d i f f e r e n t  p l o t  s izes occurred toge the r ,  p lo ts  were nested 
w i t h in  each o th e r .  A subsample o f  in d iv id u a l  p lan ts  o f  each bear 
food species s tud ied  was c l ip p e d  and a i r  -  d r ied  f o r  several days 
and then oven -  d r ie d  a t  40° C f o r  24 to  36 hours. Dry weights 
were obta ined to  determine dry  biomass standards f o r  each species.
The time requ i red  to  complete sampling in  a p l o t  was recorded 
in  a l l  component types.  A l l  procedures d i r e c t l y  re la te d  to  
sampling once the sample p o in t  had been loca ted were inc luded in  
the t ime requirement.  Procedures inc luded were lo c a t in g  and 
marking p l o t  pe r im e te rs ,  subplots  o r  quadrats ,  compi l ing h a b i ta t  
in fo rm a t io n ,  measuring ve g e ta t io n ,  o r  c l i p p in g  o r  p ick in g  and 
weighing ve g e ta t ive  samples.
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H a b i ta t  U n i t  Sampling S t ra teg ie s  
R ipa r ian  Components, SH and WC
Heracleum
The i n i t i a l  s t a r t i n g  p o in t  f o r  each r ip a r ia n  t ra n se c t  was 
located  a t  a randomly chosen d is tance ,  10 m to  20 m, from the edge 
o f  the sampling b lock .  Sampling p o in ts  occurred a t  50 m in te r v a l s .  
Transects were 50 m to  100 m apar t  depending upon requ ired  sample 
s ize ,  and spaced to  o b ta in  a re p re se n ta t ive  sample from the e n t i r e  
b lock .
Cover and basal area o f  stems were used to  p re d ic t  biomass. I 
used 5 m by 10 m p lo t s  to  sample heracleum in  the r ip a r ia n  
components and recorded cover and stem basal area (see Chapter 
Two) o f  a l l  heracleum p lan ts  occu r r in g  in  the p lo t s .
R ipar ian sampling occurred from August 15 through September 
10 (Table 9 ) .  Bears a lso r e l y  h e a v i ly  on r i p a r ia n  areas in  spr ing 
through e a r ly  summer. Time and personnel c o n s t ra in ts  d ic ta te d  th a t  
avalanche chutes be sampled a t  those t imes. Substan t ia l  
d i f fe re n c e s  in  heracleum biomass are expected from spr ing  to  f a l l .  
Ear ly  f a l l  est imates probably  p rov ide  the maximum biomass est imates 
as veg e ta t ive  growth has ceased. N u t r i t i v e  values are probably low 
because n u t r i t i v e  value decreases as p lan ts  mature and/or 
des icca ted .
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Table 9. Sampling dates,  dates p lan ts  c o l le c te d  f o r  an a lys is ,  and 
season o f  use by bears, f o r  bear foods and h a b i ta t  u n i t s .
Component / 
h a b i ta t  u n i t * /  
soecies
Date p la n t  Hab i ta t  u n i t  
specimens season o f  use 
c o l le c te d  f o r  by 
Oates samoled an a lvs is  a r i z z l v  bears
Avalanche Chutes
DFl, FAl 
Heracleum lanatum 18 June -  
12 J u ly  1990
14 June 1988 Sp, Sum
S h ru b f ie ld s
FAl, LMLPl, LMLP34 
Sheoherdia canadensis 15 J u ly  -  
15 August 1990
? J u ly  1988 la te  Sum, 
Fa
LMLPl
Hedvsarum sulohurescens 15 J u lv  -
1 August 1990
15 Ju ly  1988 Sp, Fa
HBFDl, HBDF34 
Vaccinium o lob u la re 1 August -  
10 August 1990
* la te  Sum, 
Fa
R ipar ian
SH34, WC3 
Heracleum lanatum 12 August- 
15 Sept. 1990
15 August 1988 Sp, Sum, 
Fa
Eauisetum arvense 
Ange l ica  arauta
I I
I I
11
I I
M
I t
® H a b i ta t  u n i t s  a f t e r  Lea e t  a l .  (1988).
Season o f  use: Sp = s p r in g .  Sum = summer. Fa = f a l l .
*  Domestic b luebe r ry  n u t r i e n t  values were used f o r  V. g lo b u la re .
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Fouisetum
Ten m ic ro p lo ts  (1 m®) were nested along the length  o f  the 5 m 
by 10 m heracleum p l o t .  Equisetum w i th in  m ic ro p lo ts  was c l ipped  
and weighed. D iv is io n  o f  the equisetum subp lo t  i n to  1 nf  subplots 
f a c i l i t a t e d  c l i p p in g .  The sum o f  the m ic ro p lo t  equisetum weights 
became the subp lo t  t o t a l .  Sampling occurred con cu r re n t ly  w i th  
heracleum.
Angel ica
Ange l ica  was c l ipp ed  and weighed when i t  occurred w i t h in  the 
heracleum subp lo ts .  Sampling occurred co n cu r re n t ly  w i th  heracleum.
Avalanche Chute Components, FAl and DFl
Heracleum
Because o f  the steepness o f  t e r r a i n  and dense cover in  
avalanche chutes, I implemented an a l te rn a te  p l o t  s ize  to  sample 
heracleum. P lo ts  were 2 m by 5 m, placed perpend icu la r  to  slope 
and comprised o f  ten (1 mP) m ic ro p lo ts .  The sampling p o in t  became 
the lower le f th a n d  corner  o f  the sub p lo t .  Heracleum p la n t  cover,  
and stem basal areas were measured in  each m ic ro p lo t .  Steepness o f  
t e r r a i n  o f te n  made these measurements somewhat d i f f i c u l t  and 
d i v i s i o n  o f  the subp lo t  i n t o  m ic ro p lo ts  minimized confusion as to 
where I had sampled in  the la rg e r  subp lo t .
I sampled chutes in  June when bears seek out  lush,  succulent
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forage as spr ing  snow mel t  occurs (Table 9 ) .  I sampled two chutes, 
one east fac ing  (FAl) and one chute d i r e c t l y  across the drainage, 
fac ing  west (D F l) .  I had a n t ic ip a te d  la rge  var iances and the re fo re  
s t r a t i f i e d  by aspect,  t r e a t i n g  them as separate component types. 
Sampling on ly  one b lock  o f  each " type" prevents e x t ra p o la t io n  o f  my 
re s u l t s  to  o the r  chutes. Such e x t ra p o la t io n  would be in app rop r ia te  
due to  the he te rogene i ty  w i t h in  and between chutes (Mace 1984, Lea 
e t  a l .  1988).
Erv thron i  um
P lo ts  f o r  ery th ron ium were ten ad jacent 1 nf  m ic ro p lo ts .  I 
est imated biomass o f  ery th ron ium bulbs by conducting a simple count 
o f  i n d iv id u a l  p la n ts  w i t h in  each quadrat .  A subsample o f  bulbs was 
excavated to  o b ta in  an average bulb we ight .  The number o f  
in d iv id u a l  g la c i e r  l i l y  p la n ts  per hectare became the a u x i l i a r y  
v a r ia b le  f o r  p r e d i c t i n g  t o t a l  bulb biomass.
Erythronium was sampled c o n cu r re n t ly  w i th  heracleum.
S h ru b f ie ld  Components, LM, LP, HB, and OF
Sheoherdia
Sampling p lo t s  were c i r c u l a r  (375 nf  ) and occurred a t  50 m 
in te r v a l s  along the t ra n s e c ts .  Transects were 50 m to  100 m apar t .  
The c i r c u l a r  p lo t s  were d iv id e d  in to  fo u r  quadrats.  1 recorded the 
cover and he igh t  o f  each shepherdia shrub in  each quadrat.  For
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those stems producing b e r r ie s ,  stem diameter c lasses (0.375 in ,  
0.500 in ,  0.625 in )  were recorded. D iv is io n  o f  the la rg e r  
macroplot aided me in  knowing where I had p re v io u s ly  sampled.
The i n i t i a l  sampling date f o r  shepherdia was determined by 
onset o f  f r u i t  r ip e n in g  which occurred approx imate ly  Ju ly  15 (Table
9) .  Sampling ended in  l a te  J u ly  when huck lebe r r ies  ripened and 
became ready f o r  sampling.
Hedvsarum
Hedysarum occurred in  loca l  d i s t r i b u t i o n s  w i t h in  LMLPl 
components. To min imize the var iance associated w i th  patchy 
d i s t r i b u t i o n s ,  I mapped and sampled hedysarum patches as they 
occurred along the t ra n s e c t  l i n e .  A hedysarum subplo t  was 
es tab l ished  a t  a random d is tance  from 5 m to  10 m from the edge o f  
the patch. P lo ts  were 5 m by 10 m and were located a t  10 m 
in te r v a l s  t h e r e a f t e r  u n t i l  the boundary o f  the patch was reached. 
W ith in  p l o t s ,  the cover and he igh t  o f  hedysarum p lan ts  were 
measured, p lan ts  were c l ip p e d  and then weighed w i th  a hand scale.  
Hedysarum was sampled c o n c u r re n t ly  w i th  shepherdia (Table 9) .  
Sampling occurred near the cessa t ion  o f  vege ta t ive  growth and 
s h o r t l y  before f lo w e r in g  when most o f  the p lan ts  were mature 
(C a r r i le s  1990).
Huckleberrv
Huckleberry  p lo t s  were loca ted  a t  50 m in te r v a ls  and
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t ra n se c ts  were 100 m a p a r t .  Huckleberry  p lo t s  were comprised o f  
nine 1 m by 1.5 m m ic ro p lo ts  placed 10 m apar t  in  a 3 by 3 fash ion 
f o l lo w in g  M ar t in  (1979). A l l  b e r r ie s  w i t h in  the nine m ic rop lo ts  
were picked and weighed and the sum o f  the m ic ro p lo t  weights 
produced a p l o t  t o t a l .
Several species and subspecies o f  huck leberry  (Vaccinium spp.) 
e x i s t  in  the study area. I d e n t i f i c a t i o n  o f  huck leberry  shrubs to 
species leve l  was o f te n  d i f f i c u l t  due to  the species '  v a r i a b i l i t y  
as wel l  as h y b r id i z a t io n .  There fore ,  a l l  Vaccinium sp. was 
c l a s s i f i e d  as e i t h e r  grouse w h o r t le  be r ry  (Vaccinium scoparium) or 
globe huck leberry  (Vaccinium g lo b u la re ) .  I t  i s  l i k e l y  th a t  bears 
do not d i f f e r e n t i a t e  between nor p r e f e r e n t i a l l y  se le c t  from among 
the var ious spec ies,  subspecies o r  hybr ids  o f  huck leberry .
Huckleberry sampling occurred from August 1 to  August 10 
which corresponded w i th  the onset o f  f r u i t  r ip e n in g  (Table 9).  
Genera l ly  the m a jo r i t y  o f  b e r r ie s  were r ip e  w i t h in  a few days. 
Sampling ended due to  appa ren t ly  heavy bear use in  the sh ru b f ie ld s .  
Bear use sign inc luded the presence o f  f resh scats and numerous 
s i te s  where shrubs were s t r ip p e d  o f  b e r r ie s .  The l i k e l i h o o d  o f  
c o l l e c t i n g  inaccu ra te  data because o f  heavy bear use and courtesy 
to  the bears were the pr imary reasons to  end sampling.
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S t a t i s t i c a l  Methods 
Biomass Estimates Per Un i t  Area
Pred ic ted biomass o f  heracleum and hedysarum, be rry  biomass 
est imates f o r  shepherdia, and d i r e c t  weights o f  the remaining 
species were used to  c a lc u la te  biomass/ha f o r  each forage species. 
Estimated means (9 and var iances o f  biomass per component type 
were c a lc u la te d  using the f o l lo w in g  formula presented by Cochran 
(1977, page 268):
Yp = S MiYi
Var (Yr) = 1 -  f i S M,ÜYi_z_YA + _ f i_  S M̂^ d - f ,^) s^ 
nM2 n-1 rfMz m̂
21
where is  the t o t a l  number o f  p lo t s  poss ib le  in  b lock i ; m̂ is  
the number o f  p lo t s  sampled in  b lock  i ;  y^ i s  the estimated mean 
biomass o f  b lock  i ;  f^ i s  the p ro p o r t io n  o f  blocks sampled; fg^ is  
equal to  m^/M,; M® i s  equal to  / t o t a l  number blocks in  the 
p o pu la t ion ;  and s^g, i s  the var iance between p lo t s  in  b lock i .
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Where biomass was est imated by regress ion or o ther  means, an 
a d d i t io n a l  term was added to  accommodate the e r r o r  due to 
e s t im a t ion  (D. Pa tte rson,  pers.  commm., Univ. o f  Montana) :
-I- 2
where is  the var iance assoc ia ted w i th  the e r ro r  o f  the 
es t imate .  For both heracleum and hedysarum regress ion analyses, 
var iance per p l o t  i o f  b lock  j  was ca lcu la te d  as:
s^Yj = 2 SE p re d ic t io n *  + SE regress ion*
For shepherdia, the est imated var iance per p l o t  1 in  b lock j
was ca lcu la te d  as fo l lo w s :
s=ij = 2  si ,  (n*j)
where n, = number o f  stems in  i t h  c la ss ;  S| = standard dev ia t ion  o f
the mean be r ry  weight  per stem o f  i t h  c la ss .
Biomass est imates were converted to  dry weight to  ob ta in  
s tandardized est imates o f  biomass per hectare .  Simultaneous 80% 
conf idence i n t e r v a l s  were cons truc ted  around mean biomass est imates
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and around mean we ight  loss f o r  each species. The upper and lower 
l i m i t s  o f  biomass est imates and lower and upper l i m i t s  o f  percent 
weight lo s s ,  r e s p e c t i v e ly ,  were m u l t i p l i e d  to  ob ta in  the upper and 
lower l i m i t s  o f  a conse rva t ive  80% simultaneous confidence in te rv a l  
around mean dry we igh t .
Conversion o f  d ry  weight  est imates to  mean d ig e s t i b le  p ro te in  
and carbohydrate /ha was s t ra ig h t fo rw a rd  by m u l t i p l y in g  mean dry 
we ight /ha by grams pro te in /gram s o f  dry  we ight .  Confidence 
i n te r v a l s  were c a lc u la te d  using standard formulas.
Required Sample Sizes f o r  Est imat ing w i th  Confidence
F in a l l y ,  I employed the fo l l o w in g  equation to  suggest the 
sample s ize  requ i red  f o r  es t im a t in g  w i th  a 20% margin o f  e r ro r  
( ( s / / n  * 1.2) / x) and 80% conf idence:
var (Yr) = J _ [  ( l - f i  ) + f i ^ 2  :
n n - 1  m
where i t  i s  assumed t h a t :  1) m = m̂ f o r  a l l  i ,  2) fg^ = m, / = 0,
3) S2 i% = Sj® f o r  a l l  i ,  and 4) t h a t  a l l  blocks are o f  equal s ize .  
Values f o r  n and m were ad justed to  minimize var iance.
S t a t i s t i c a l  analyses were completed on the U n iv e rs i t y  o f  
Montana's VAX 8600 computer us ing the S t a t i s t i c a l  Package f o r  the
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Socia l Sciences (SPSS) (SPSS I n c . .  1983, Norusis 1985).
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RESULTS
Riomass and D ig e s t i b l e  P ro te in  and Energy in  H a b i ta t  U n i ts
R ipa r ian ,  SH34
Heracleum
Mean heracleum produc t ion  was 522.4 kg/ha (± 88.4) (Table 
10). Sample s ize  Cn=130) f o r  heracleum in  SH34 was adequate and 
the assoc ia ted margin o f  e r r o r  f o r  an 80% confidence in te rv a l  was 
17% o f  the mean (Table 11).  Mean d ig e s t i b le  p ro te in  and energy 
were 4 .4  kg/ha and 73,000 kca l /h a ,  re s p e c t iv e ly  (Table 12).
Equisetum
Mean equisetum produc t ion  was 104.1 kg/ha (± 15.9) (Table 10) 
w i th in  the SH34 h a b i ta t  u n i t .  Sample s ize  f o r  equisetum was 106 
p lo ts  and the margin o f  e r r o r  f o r  an 80% confidence in te rv a l  was 
25%. Inc reas ing  the number o f  b locks sampled from 5 to 6 and 
sampling the same number o f  p lo t s  would r e s u l t  in  a 17% margin o f  
e r r o r  (Table 11).  The SH34 u n i t  provided a mean d ig e s t ib le  p ro te in  
and energy o f  0.9 kg/ha and 20200 kca l /ha  re s p e c t iv e ly  (Table 12).
Ange l ica
Mean ange l ica  p roduc t ion  was 11.2 k g /p lo t  (± 9.7) (Table 10). 
and a margin o f  e r r o r  o f  86% was associa ted w i th  33 p lo t s .
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Table 10. Mean plot weights (g /  p lo t), mean weight per hectare (kg /ha), 
standard error (se) (kg /  ha), and margin of error o f selected bear foods in 
hab itat units.
Component/ 
Habi ta t  
Unit® /  
species
X
(g /o lo t)
X
(kg/ha)
se^
(kg/ha)
margin
cerror n
Avalanche Chutes
0F1
Heracleum lanatum^ 42.9 42.9 8.5 33% 46
FAl
Heracleum lanatum 129.7 129.7 13.7 17% 47
Shrubfields
FAl
Sheoherdia canadensis 888.7 28.3 4.2 15% 87
LMLPl
Sheoherdia canadensis 504.4 16.1 3.6 23% 45
Hedvsarum sulohurescens 141.7 28.3 20.4 72% 44
LMLP34 
Sheoherdia canadensis 651.1 20.7 4.2 20% 75
HBDF1
Vaccinium globulare 86.6 64.2 23.4 36% 8
HB34
Vaccinium globulare 102.3 75.8 21.9 29% 23
Riparian
SH34
Heracleum lanatum 
Eauisetum arvense 
Angelica arauta 
WC3
Heracleum lanatum 
Angelica arauta
2612.0 522.4 88.4 17% 130
104.1 104.1 15.9 25% 106
55.9 11.2 9.7 86% 33
3466.2 693.2 331.9 48% 42
37.1 7.4 6.8 92% 16
Habitat units a fte r Lea et a l.  (1988). 
se = standard error: s //n .
Margin of error ■ (se (1.645) /  x) * 100.
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Table 11. Sample s izes used in  study, sample e r r o r ,  and requ ired 
sample s izes to  est imate w i th  80% confidence and 20% e r ro r .
Species/ 
H a b i ta t  
Uni t
n No. Blocks 
Sampled 
/ Total
Error n
Requi red
No.Blocks 
Required 
/ Total
Chutes
HELA
FAl 47 *a 17% _b *
DFl 46 * 33% 100 *
Shepherdia 
S h ru b f ie l  ds
SHCA
FAl 87 2/2 15%
LMLPl
LMLP34
45
75
4/4
5/12
22%
20%
— —
HESU
LMLPl 44 2/6 72% — 6/6
Huckleberry 
S h ru b f ie lds
VAGL
HBDFl 8 * 36% 25 *
HB34 23 3/6 29% 5/6
Ri D a r i  a n
HELA
SH34 130 7/16 17%
WC3 42 4/7 48% — 6/7
EQAR
SH34 106 5/16 25% - 6/16
ANAR
SH34 33 2/16 86% n/a^ n/a
WC3 16 1/7 92% n/a n/a
® Only 1 b lock  o f  t h i s  h a b i ta t  u n i t  occurred in  sample populat ion, 
 ̂ Sample s ize  was adequate.
 ̂ Sampling s t ra te g y  was not adequate f o r  sampling ange l ica .
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Table 12. Mean biomass, mean d ig e s t i b l e  p ro te in ,  and mean
d ig e s t i b l e  energy o f  Heracleum lanatum (HELA) and Eauisetum arvense
(EQAR) w i t h in  r i p a r ia n  h a b i ta t  u n i t s .
H a b i ta t  
unit® / 
soecies
Dry biomass 
(kg /  ha)
Dig. p ro te in  
(kg / ha)
Dig. energy 
(kcal /  ha)
n
SH34
HELA 38.0
(27 .8 ,49 .5 )b
4.4
(3 .2 ,5 .6 )
73000
(53200,94700)
130
EQAR 15.6
(10 .7 .21 .3 )
0.9 
(0 .6 ,1 .2 )
20200
(13800,27500)
106
WC3
HELA 50.6
(23 .1 ,83 .0 )
5.8 
(2 .6 ,9 .5 )
96900
(44300,15900)
42
® H a b i ta t  u n i t s  a f t e r  Lea e t  a l .  (1988). 
( ) denotes 80% conf idence i n t e r v a l s .
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R ipa r ian ,  WC3
Heracleum
In the WC3 u n i t  heracleum produc t ion  averaged 693.2 kg/ha (± 
331.9) (Table 10). My r e s u l t s  in d ic a te  high var iance and a margin 
o f  e r r o r  o f  48% assoc ia ted w i th  sampling 4 o f  a t o t a l  o f  7 b locks .  
Sampling the same number o f  p lo t s  d iv id ed  between 6 blocks would 
reduce sampling e r r o r  to  19% (Table 11). Mean d ig e s t i b l e  p ro te in  
was 5.8 kg/ha and mean d i g e s t i b l e  energy was 96900 kca l /ha  (Table 
12) .
Eauisetum
Equisetum was not sampled in  the WC3 component.
A n g e l ica
Angel ica  p roduc t ion  in  the WC3 component averaged 7.4 k g /p lo t  
(± 6 . 8 ) (Table 10).  The method again produced high var iance f o r  
a n ge l ica ,  w i th  an e r ro r  o f  92% assoc ia ted w i th  16 p lo t s  (Table 11). 
Inc reas ing  the sample s ize  to  100 p lo t s  would reduce e r r o r  to  37%, 
s t i l l  f a r  from the p resc r ibed  20%. The recommended sample s ize  may 
be somewhat i n f l a t e d  as i t  i s  based on a small sample (n = 16). 
Because the e r r o r  assoc ia ted w i th  my est imates are p r o h i b i t i v e l y  
h igh ,  I made no at tempt to  es t im a te  d i g e s t i b l e  p ro te in  and energy.
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Avalanche Chutes, FAl and DFl
Heracleum
My re s u l t s  in d i c a te  a dramatic  d i f f e re n c e  in  heracleum 
p roduc t ion  between east and west fa c in g  chutes. The east fac ing  
FAl had a mean heracleum produc t ion  o f  129.7 kg/ha (± 13.7) and the 
west fac in g  DFl chute produced a mean o f  42.9 kg/ha(± 8 . 5 ) (Table
10). Mean p roduc t ion  o f  d i g e s t i b l e  p ro te in  and d i g e s t i b l e  energy 
in  the FAl and DFl were 3.5 kg and 35600 kca l /h a ,  and 1.2 kg/ha and 
11800 kca l /h a ,  r e s p e c t iv e ly  (Table 13).
Variance was g re a te r  in  the DFl chute. Sample s ize  in  both 
chutes was nea r ly  equal,  n=46 (DFl) and n=47 (F A l) ,  but the e r ro r  
in  DFl was 33% compared to  an e r r o r  o f  17% in  FAl (Table 11). A 
sample o f  100 p lo t s  in  the DFl is  the suggested minimum sample s ize 
to  reduce e r ro r  to  about 20%.
Erv th ron i  um
Erythronium sampling began co n cu r re n t ly  w i th  heracleum 
sampling in  the avalanche chutes.  W ith in  a shor t  per iod  I 
abandoned the a t tempt to  es t imate  the biomass o f  ery thronium bulbs.  
The i r r e g u la r  occurrence o f  patches o f  ery th ron ium on d is tu rbed  
s i t e s  warranted a much g re a te r  sampling i n t e n s i t y  than my research 
a l lowed.  Given t ime and personnel c o n s t r a in t s ,  sampling f o r  
e ry th ron ium  was not p o ss ib le .
S t a t i s t i c a l  analyses o f  the data c o l le c te d  are not warranted
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Table 13. Mean biomass, mean d ig e s t i b l e  p ro te in ,  and mean d ig e s t i b l e
energy o f  Heracleum lanatum (HELA) w i t h in  avalanche chute h a b i ta t
u n i t s .
H a b i ta t  
u n i t "  /
soecies
X
Dry biomass 
(kg /  ha)
X
Dig. p ro te in  
(kg /  ha)
X
Dig. energy 
(kcal /  ha)
n
FAl
HELA 19.5
(15 .5 ,23 .6 )^
3.5 
( 2 .8 ,4 .2 )
35800
(28400,43200)
47
DFl
HELA 6.4 
(4 .2 ,8 .8 )
1.2 
(0 .8 ,1 .6 )
11800
(7700,16000)
46
 ̂ H a b i ta t  u n i t s  a f t e r  Lea e t  a l ,  (1988). 
 ̂ ( ) denotes 80% conf idence i n t e r v a l s .
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because o f  small sample s ize  and non -  randomness o f  the sample 
c o l le c te d .  Optimal p l o t  s ize  and a reasonable sampling s t ra te g y  
f o r  de term in ing  the bulb biomass o f  ery th ron ium d id  not evolve 
du r ing  t h i s  research.
S h ru b f ie ld s ,  LMLPl, LMLP34, HBDFl, HBDF34
Sheoherdia
Berry p roduc t ion  in  the FAl u n i t  was 28.3 kg/ha (± 4 .2 ) ,  and 
in  the LMLMPl u n i t .  16.1 kg/ha (± 4 .2)  (Table 10). The FAl u n i t  
prov ided 0 .4  kg/ha o f  d i g e s t i b l e  p ro te in  and 21500 kca l /ha  o f  
d i g e s t i b l e  energy (Table 14).  The LMLPl u n i t  produced a mean 
d i g e s t i b l e  p ro te in  o f  0.2 kg/ha and a mean d ig e s t i b le  energy o f  
12200 kca l /h a  and the LM34 produced a mean berry  p roduct ion o f  20.7 
kg/ha (± 4.2) and prov ided a mean o f  0.3 kg/ha o f  d ig e s t i b le  
p ro te in  and a mean o f  157000 kca l /ha  o f  d ig e s t i b le  energy (Table
14).
My re s u l t s  were near o r  w i t h i n  the assigned le ve ls  o f  
p re c is io n  and e r r o r  (Table 11).  The methods produced the lowest 
e r r o r  in  FAl (9%) p a r t l y  because o f  a la rge  sample s ize (n=87). 
Results  in d i c a te  a margin e r r o r  o f  23% associa ted w i th  45 p lo t s  in  
the LMLPl, and an e r r o r  o f  20% assoc ia ted w i th  75 p lo ts  in  LMLP34.
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Table 14. Mean biomass, mean d i g e s t i b l e  p r o te in ,  and mean 
d ig e s t i b l e  energy o f  Sheoherdia canadensis (SHCA) b e r r ie s  and 
Hedvsarum sulohurescens (HESU) roo ts  w i t h in  shepherdia s h ru b f ie ld  
h a b i ta t  u n i t s .
H a b i ta t  
u n i t ^  / 
soecies
Dry biomass 
(kg / ha)
Dig. p ro te in  
(kg /  ha)
Dig. energy 
(kcal / ha)
n
FAl
SHCA 5.7
(4 .6 ,7 .0 )b
0.4 
(0 .3 ,0 .4 )
21500
(17400,26000)
87
LMLPl
SHCA 3.2 
(2 .4 ,4 .2 )
0.2 
(0 .2 ,0 .3 )
12000
(9000,15800)
45
HESU 28.0
(8 .0 ,4 8 .7 )
1.2 
( 0 .3 ,2 .1 )
34000
(9500,58400)
44
LMLP34
SHCA 4.2 
(3 .2 ,5 .3 )
0 .3 
(0 .2 ,0 .3 )
15700
(12000,19900)
75
 ̂ H a b i ta t  u n i ts  a f t e r  Lea e t  a l .  (1988).
 ̂ ( ) denotes simultaneous 80% conf idence in t e r v a l s .
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Hedvsarum
Mean produc t ion  o f  hedysarum ro o t  biomass was 28.3 kg/ha 
(± 20.4) (Table 10).  The method used f o r  hedysarum es t im a t ion  d id  
not accommodate high var iance and the margin o f  e r r o r  was 72% 
assoc ia ted w i th  44 p lo t s  (Table 11).  Two o f  6 blocks were sampled, 
however sampling a l l  6 b locks would reduce the est imated e r ro r  to  
approx imate ly  23%. This im p l ies  high between b lock  var iance and 
necess i ta tes  sampling a l l  6 o f  6 patches. The mean d ig e s t i b le  
p ro te in  est imate  was 1.2 kg/ha and mean d ig e s t i b le  energy was 34000 
k ca l /h a  (Table 14).
Huck lebe rr i  es
Mean huck leberry  f r u i t  p roduc t ion  in  the HBDFl component type 
was 64.2 kg/ha (± 23.4) and be r ry  p roduc t ion  in  HBDF34 averaged 
75.8 kg/ha (± 21.9) (Table 10). N e i the r  component type fo r  
huck leberry  was sampled to  requ i red  le v e ls  o f  p re c is io n  and e r ro r .  
This was probably because sample s izes were ra th e r  small (Table
11).  In HBDFl, a sample o f  8 p lo t s  produced a margin o f  e r ro r  o f  
36% and in  HB0F34, an e r r o r  o f  29% was associa ted w i th  a sample o f  
23 p l o t s .  Inc reas ing  the number o f  p lo t s  in  HBl to  25 would reduce 
e r r o r  to  20%. In HBDF34, in c rea s ing  the p ro p o r t io n  o f  sampled 
b locks to  5 o f  6 would reduce the margin o f  e r r o r  to  18%.
The HBDFl u n i t  p rov ided 39500 kca l /h a  o f  d ig e s t i b le  energy 
and the HBDF34 prov ided 46600 k c a l /h a  o f  d i g e s t i b l e  energy (Table
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15).  H uck leberr ies  do not p rov ide  measurable amounts o f  d ig e s t i b le  
p ro te in  (C. Robbins, pers .  commun., Washington S ta te  U n iv . ) .
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Table 15. Mean biomass, mean d i g e s t i b l e  p ro te in ,  and mean
d i g e s t i b l e  energy o f  hu ck le be r r ies  (Vaccinium a lo b u la re ) (VAGL)
w i t h in  huck leberry  s h ru b f ie ld  h a b i ta t  u n i t s .
H a b i ta t  
u n i t^  / 
soecies
Dry biomass 
(kg / ha)
Dig. p ro te in  
(kg /  ha)
Dig. energy 
(kcal /  ha)
n
HBDFl
VAGL 9.6
(0.0,20.2)*=
* 39500
(00,82800)
8
HB34
VAGI 11.4
(7 .8 ,1 5 .1 )
* 46600
(32000,62000)
23
® H a b i ta t  u n i t s  a f t e r  Lea e t  
{ ) denotes 80% conf idence
a l .  (1988). 
i n t e r v a l s .
* Huck leberr ies  (Vaccinium sp.)  con ta in  n e g l ib le  amounts o f  
d i g e s t i b l e  p ro te in  (C.Robbins, pers.  commun., Washington State 
U n iv . ) .
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Time
The fo l l o w in g  times per p l o t  inc lude  the c o l l e c t i o n  o f  gross 
h a b i ta t  in fo rm a t io n ,  in c lu d in g  an a l l  -  species p la n t  l i s t  and 
cover and s t r u c tu r a l  data f o r  375 nf macroplots .  This in fo rm a t ion  
is  to  be used f o r  a d d i t io n a l  research. Macroplot in fo rm a t io n  
requ i red  approx imate ly  15 minutes per p l o t .  E l im in a t io n  o f  
com p i l ing  gross h a b i ta t  in fo rm a t io n  would s u b s t a n t i a l l y  reduce 
sampling t imes.
The mean t ime requ i red  to  sample r i p a r ia n  p lo ts  f o r  
heracleum, equisetum, and ange l ica  was 13.8 minutes w i th  3 
in v e s t ig a to r s .  The mean t ime requ i red  to  sample avalanche chutes 
f o r  heracleum and ange l ica  was 18.5 minutes w i th  2 i n v e s t ig a to r s .  
Mean t ime requ ired  f o r  shepherdia p lo t s  was 20.8 minutes w i th  2 
in v e s t ig a t o r s .  Huckleberry p lo t s  requ i red  25 minutes per p l o t  w i th  
3 people sampling.
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DISCUSSION
Sampling S t r a t e g ie s  and Biomass Est imates in  H a b i ta t  U n i ts
Ripar ian  Components
The sampling s t ra te g y  f o r  heracleum fu rn ished  est imates o f  
biomass w i t h in  p resc r ibed  le v e ls  o f  conf idence and e r r o r .  R ipar ian 
components o f fe re d  the most p ro te in  and energy based on the 
se lec ted  bear foods. Other bear foods occu r r ing  in  any component 
type would, o f  course, add value to  th a t  component. Avalanche 
chutes and r ip a r ia n  components o f f e r  the r i c h e s t  d i v e r s i t y  o f  
g r i z z l y  bear foods (Zager 1980, Mace 1984). Other foods o f  
importance occu r r in g  in  these components inc lude  a v a r i e t y  o f  
fo rb s ,  and b e r r ie s  such as raspberry  (Ribes ideaus) and rhamnus 
( Rhamnus a l ni f o l i a ) ,  a l though Hadden (1987) reported on ly  heracleum 
and equisetum as fo rbs  c o n t r ib u t in g  s i g n i f i c a n t l y  to  f a l l  g r i z z l y  
d i e t  in  the study area. As a s in g le  species, heracleum suppl ies  
r e l a t i v e l y  la rge  amounts o f  p ro te in  and energy.
The sampling s t ra te g y  employed f o r  equisetum was probably 
adequate and p l o t  s ize  and sample s ize  were s a t i s f a c to r y .
Increas ing  the number o f  b locks sampled would reduce the margin o f  
e r r o r  to  the p resc r ibed  leve l  o f  20%. Equisetum suppl ies 
r e l a t i v e l y  la rge  amounts o f  p ro te in  and energy to  bears due to  i t s  
widespread d i s t r i b u t i o n  and t h i c k  growth w i t h in  the SH34 u n i t .
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Equisetum is  a lso  abundant in  the WC3 h a b i ta t  u n i t  though I d id  not 
sample f o r  i t  in  t h i s  u n i t .
A double sampling method o f  ocu la r  e s t im a t io n ,  c a l ib ra te d  by 
ha rves t ing  (Tadmor e t  a l , 1975), was i n i t i a l l y  employed to est imate 
equisetum biomass. While t h i s  technique showed promise, 
i n v e s t ig a t o r  f a t ig u e  was the pr imary  m o t iva t io n  to  abandon t h i s  
technique in  favo r  o f  d i r e c t  c l i p p in g  and weighing.
Considering t h a t  ange l ica  biomass was determined by c l i p p in g  
and weighing,  and th a t  the re  was minimal observer e r ro r  invo lved in 
the f i n a l  a n a ly s is ,  the methods used in  t h i s  study are e v id e n t ly  
not adequate f o r  es t im a t in g  an ge l ica .  Ange l ica  occurred in  
i r r e g u la r  pa t te rns  o f  in d iv id u a l  p lan ts  to  la rge  patches w i th  
r e l a t i v e l y  profuse growth. A lso ,  in d iv id u a l  p la n ts  var ied  g re a t ly  
in  s ize .  Sampling in  l a te  summer and e a r ly  f a l l  may also have 
in f lue nce d  the d e te c t io n  o f  t h i s  species.  Angel ica requ ired  la rg e r  
p l o t s ,  a la rg e r  sample s ize ,  a la rg e r  p ro p o r t io n  o f  sampled to 
b locks ,  o r  some combination o f  these to  produce adequate sampling 
p re c is io n .  A ppa ren t ly ,  ange l ica  i s  l o c a l l y  p l e n t i f u l  in  r ip a r ia n  
h a b i ta t  in  the study area, and c o n s t i t u te s  an important  element in  
g r i z z l y  d ie t  in  e a r ly  summer CMcLellan 1981).
Avalanche Chute Components 
The sampling s t ra te g y  f o r  heracleum occu r r ing  in  avalanche
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chutes was s a t i s f a c to r y  f o r  the w e s t - fa c in g  FAl chute, but i t  d id  
not accommodate the h igher var iance in  the e a s t - fa c in g  DFl chute.
A p r o h i b i t i v e l y  la rge  sample s ize  would be requ i red  to  ob ta in  the 
p resc r ibed  le v e ls  o f  e r r o r .
The h igher  var iance in  the DFl chute was expected as 
heracleum occurred i r r e g u l a r l y  throughout the sample in  the DFl and 
was absent in  many p l o t s .  In the DFl chute, heracleum was u su a l ly  
abundant on ly  along the stream g ra d ie n t  and in  the lush ,  un iform 
growth in  the mesic fan a t  the bottom o f  the chute. Heracleum grew 
un i fo rm ly  throughout the FAl chute under the a ld e r  (Alnus incana) 
canopy and in  the herbaceous mesic fan .  Most FAl p lo t s  contained 
heracleum, hence the lower va r iance .  More re f in e d  s t r a t i f i c a t i o n  
o f  chutes, and sampling on ly  areas con ta in ing  heracleum or o ther  
food species, would serve to  decrease v a r i a t i o n  between p lo t s .
My data suggest la rge  d i f fe re n c e s  in  a v a i la b le  p ro te in  and 
energy based on heracleum produc t ion  between the two chutes 
sampled. The west slope e x h ib i te d  a g e n e ra l ly  d r i e r  environment 
w i th  mesic s i t e s  assoc ia ted w i th  stream channels.  The lower 
e le v a t io n  in  both chutes d isp layed a broad mesic fan where 
heracleum was abundant. Al though my re s u l t s  suggest la rge 
d i f fe re n c e s  in  heracleum p r o d u c t i v i t y  between the two avalanche 
types ,  the margin o f  e r r o r  in  the DFl chute is  high and 80% 
conf idence in t e r v a l s  around mean heracleum biomass ove r lap .  One 
could a lso  expect net p ro te in  and energy values to increase
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throughout t ime dur ing  the surmier, as heracleum in  chutes g e ne ra l ly  
cont inues v e g e ta t ive  growth u n t i l  e a r ly  August (C a r r i le s  1990).
Erythronium occurred in  an i r r e g u la r  patchy d i s t r i b u t i o n  in 
d is tu rb e d  s i t e s  and between -  p l o t  var iance o f  biomass was h igh .  
Consequently, e ry th ron ium requ i red  a much la rg e r  sample s ize  than 
d id  heracleum in  o rder  to  meet the p resc r ibed  20% e r r o r .  By the 
t ime heracleum sampling was completed, many erythronium p lan ts  were 
no longer d e te c ta b le .  The ephemeral nature o f  ery thronium and 
o the r  sp r ing  foods d i c ta te s  th a t  sampling be conducted before 
p la n ts  become des iccated in  l a t e  sp r ing .  The i r r e g u la r  occurrence 
o f  patches o f  ery thron ium mandates a much g re a te r  sampling 
i n t e n s i t y  than my research al lowed. Once an appropr ia te  sampling 
s t ra te g y  is  devised, my personal i n c l i n a t i o n  is  t h a t  a simple count 
o f  ery th ron ium p lan ts  would serve as a good p re d ic to r  o f  bulb 
biomass, when combined w i th  an average bulb biomass obtained from 
the sample area.
The bulbs o f  species such as eryth ron ium and Ç. 1anceolata 
represent  im por tan t  elements o f  g r i z z l y  d i e t  in  northern  Rocky 
Mountain reg ions (USFWS 1987). Roots, bulbs and corms prov ide a 
r e l i a b l e  source o f  food when compared to  be r ry  crops, which are 
seasonal and u n p re d ic ta b le .  Many o f  these species prov ide 
im portan t  n u t r i t i o n  in  the spr ing  and a f t e r  k i l l i n g  f r o s t s  in  the 
f a l l .
Avalanche chutes p rov ide  c r i t i c a l  g r i z z l y  h a b i ta t  in  many
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regions (Mace e t  a l .  1979, Zager 1980, McLellan 1989b). Spring 
bear use is  high as g r i z z l i e s  seek out bulbs o f  g la c ie r  l i l l y  and 
sp r ing  beauty (C lav ton ia  1anceo la ta ) .  roo ts  o f  hedysarum, and e a r ly  
green forage.  In the study area, use cont inues throughout the 
summer as the mesic environment provides succu lent  forage CMcLellan 
and Jonkel 1980). During be r ry  seasons, use cont inues in  d r i e r  
chutes where huck leberry  i s  abundant. Use by mountain res ide n t  
(h igh e le v a t io n )  bears (McLellan 1989b) cont inues throughout a l l  
seasons.
As a h a b i ta t  component type, avalanche chutes present a 
s u b s ta n t ia l  cha l lenge f o r  sampling bear food biomass. In d iv id u a l  
chutes con ta in  d ive rse  micro h a b i ta ts  and he te rogene i ty  between 
chutes is  high (Mace 1984). Aspect, g ra d ie n t ,  and e le v a t io n  are 
a l l  impor tan t  fa c to rs  In f lu e n c in g  co n d i t ion s  in  chutes. The study 
area has an abundance o f  avalanche chutes occu r r in g  on most 
aspects,  from r e l a t i v e l y  dry south and west aspects, to  mesic north 
and east fac ing  s lopes. Bear food biomass es t im a t ion  becomes a 
cha l lenge because o f  species d i v e r s i t y  w i th in  and between chutes.
A ranking o f  h a b i ta ts  based on bear foods should account f o r  many 
species th a t  are o f  seasonal importance to  g r i z z l y  bears. Methods 
o f  sampling the biomass o f  many bear foods occu r r ing  in  avalanche 
chutes co n c u r re n t ly  i s  one o p t ion  worthy o f  f u r t h e r  research.
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S h ru b f ie ld  Components
Sheoherdia
The methods used to  es t imate  the biomass o f  shepherdia 
b e r r ie s  proved s a t i s f a c t o r y  and est imates were generated w i th in  
p resc r ibed  le v e ls  o f  conf idence and e r r o r .  In the LMLPl u n i t  the 
margin o f  e r r o r  is  s l i g h t l y  above the p rescr ibed  20%, however, 
in c reas ing  the number o f  p lo t s  would accommodate the v a r i a t i o n  and 
reduce the assoc ia ted e r r o r .
I combined LMl and LPl,  and LM3 and LP3 h a b i ta t  u n i t s .  These 
types occur in  p a r t  because o f  d i f fe re n c e s  in  s o i l  types which may 
a f f e c t  berry  p ro duc t ion .  A lso ,  t ime s ince c u t t i n g ,  and in  some 
ins tances ,  burn ing was not considered, and is  l i k e l y  to  have had 
a d d i t io n a l  in f lu e n ce  on be r ry  p roduc t ion .  Soi l  type and time since 
d is tu rbance  are non -  n e g l i g i b l e  fa c to rs  a f f e c t in g  berry  p roduct ion  
and probably re su l te d  in  some increased v a r i a t i o n  w i th in  and 
between sampling b locks .
The lack  o f  be r ry  p roduc t ion  in  stands a t  >1300 m was an 
in t e r e s t i n g  phenomenon. D i f fe rences  in  slope and aspect between 
stands above and below 1300 m were n e g l ig ib le  but s o i l s  may have 
in f lue nce d  b e r ry  p roduc t ion  (Minore and Dubrasich 1975, Mart in  
1978).
Shepherdia s h ru b f ie ld s  produced lower t o t a l  biomass and 
d i g e s t i b l e  energy than d id  huck leberry  s h ru b f ie ld s ,  and both were
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surpassed in  p ro te in  and energy by r i p a r ia n  u n i t s .  I t  is  
i n t e r e s t i n g  to  note t h a t  bears in  the study area g e ne ra l ly  switch 
from high use o f  r i p a r i a n  areas in  the summer to  shepherdia 
s h ru b f ie ld s  in  l a te  summer, and by e a r ly  f a l l  are g e ne ra l ly  found 
in  the huck leberry  f i e l d s  (McLellan 1989b).
With the except ion o f  lo c a l i z e d  se rv ice b e r ry  (Amelanchier 
a l ni f o l i a ) patches, FA and LMLP s h ru b f ie ld s  in  the study area o f f e r  
on ly  l im i t e d  amounts o f  bear foods o the r  than shepherdia. 
D i f fe re nce s  in  be r ry  p roduc t ion  between the two re c e n t ly  c le a rc u t  
areas (FAl and LMLPl) may be exp la ined in  p a r t  by s o i l s ,  years 
s ince d is tu rbance  and/or post -  logg ing t rea tments .  A d d i t i o n a l l y ,  
FAl and LMLPl most ly  occurred on oppos i te  aspects, west and east 
r e s p e c t iv e ly .  The la rg e s t  b lock  o f  LMLPl had an east aspect o f  94’ 
whereas the FAl stand was due-west.  These d i f fe re n c e s  in  aspect 
o f f e r  a p la u s ib le  exp lana t ion  f o r  the observed d i f fe re n c e s .
Hedvsarum
Methods used in  t h i s  research to  p re d ic t  roo t  biomass o f  
hedysarum re s u l te d  in  a high margin o f  e r r o r  (72%), however, the 
r a t i o  o f  sampled to  unsampled b locks was low (2 /6 ) .  Sampling a l l  6 
b locks would have accommodated the v a r i a t i o n  between blocks and 
reduced the margin o f  e r r o r  to  w i t h in  20%.
The sample design descr ibed in  t h i s  re p o r t  could be app l ied  
wherever hedysarum occurs .  Sampling s p e c i f i c a l l y  f o r  hedysarum
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
72
presents d i f f i c u l t i e s  because o f  i t s  widespread y e t  i r r e g u la r  
occurrence. Sampling and mapping could occur along t ransects  
p r i m a r i l y  designed f o r  sampling o th e r  foods, such as heracleum
w i th in  an avalanche chute o r  in  r i p a r ia n  h a b i ta t .  Mapping a l l
patches in  a sample b lock  would a l low  an es t imate  o f  t o ta l
hedysarum biomass f o r  component type, as well  as prov ide an
in d i c a t io n  o f  patch frequency and p a t te rn  o f  d i s t r i b u t i o n .
However, c o n s id e r in g  the  h igh  va r iances  I found w i t h i n  patches,  
s u b t ra n s e c ts  w i t h i n  the  patches would presumably be necessary to  
ach ieve  sample s ize s  re q u i re d  f o r  p re s c r ib e d  p r e c i s io n  and b ia s .
In r i p a r i a n  h a b i t a t ,  t h i s  is  not l i k e l y  to  pose a problem. Because 
o f  the steep t e r r a i n  in  avalanche chutes, subtransects could be 
somewhat d i f f i c u l t  and t ime consuming. Ocular es t im a t ion  o f  dry 
weight  o f  above -  ground biomass, or  a r e l a t i v e  -  weight method 
(see d iscuss ion  in  Chapter Two), have p o te n t ia l  f o r  s u b s ta n t ia l l y  
reducing sampling t ime.
Hedysarum is  an im portan t  element in  g r i z z l y  d i e t  in  regions 
o f  the Rocky Mountains. Hedysarum appears to  supply a sub s tan t ia l  
source o f  d i g e s t i b l e  p ro te in  and energy per u n i t  area o f  patch but 
t r a v e l  d is tance  between patches is  o f te n  g rea t .  However, much o f  
g r i z z l y  bear behav ior  i s  learned and bears who learn  the lo ca t io n s  
o f  patches are able to  min imize search e f f o r t s .  Root crops may 
o f f e r  bears a s ta b le  source o f  n u t r i t i o n  dur ing years o f  poor berry  
p ro du c t ion .
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Hedysarum has a broad eco log ica l  ampli tude (Edge e t  a l .
1987), ranging from lowland r i p a r ia n  (1000 m) areas to  high 
e le v a t io n  r idges (2600 m). I t  has a patchy d i s t r i b u t i o n ,  re q u i r in g  
a much g rea te r  sampling i n t e n s i t y  than my study al lowed. I can 
make in fe rences on ly  to  those s i t e s  I mapped and inc luded in  the 
random sample. Therefore the values repor ted  represent on ly  
hedysarum patches o ccu r r in g  in  LMLPl c le a rcu ts  along lower Sage 
Creek Road.
Hedysarum d id  not occur in  my r i p a r ia n  p lo t s ,  probably 
because i t  i s  most o f te n  found on o r  near gravel bars and o ther  
areas f r e q u e n t ly  d is tu rb e d  by f lo o d in g  (Edge e t  a l . 1987). Such 
areas were not inc luded in  my sampling scheme, nor were high 
e le v a t io n  r id ge s .  Hedysarum occurred in f r e q u e n t l y  in  avalanche 
chute p l o t s ,  but t ime d id  not perm it  sampling such areas.
Skinner (1986) found s i g n i f i c a n t  d i f fe re n ce s  in  n u t r ie n t  
contents o f  hedysarum growing in  an unders tory  versus th a t  growing 
in  open c le a r - c u t  stands in  the study area. N u t r i t i v e  contents o f  
p lan ts  o ccu r r in g  in  v a s t l y  d i f f e r e n t  h a b i ta ts  probably vary 
s i g n i f i c a n t l y  and th e re fo re  re s u l t s  cannot be ex t rapo la ted  from one 
area to  another.
G r iz z ly  bears use hedysarum p r im a r i l y  in  e a r ly  spr ing  (den 
emergence), and again in  l a te  f a l l  (pre -  denning). However the 
herbaceous p o r t io n s  o f  the p la n t  are e i t h e r  j u s t  beginning 
ve g e ta t iv e  growth in  the spr ing  and are most ly  desiccated in  the
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f a l l .  Above -  ground biomass dur ing  spr ing  and f a l l  was l i k e l y  to  
be a poor p r e d ic to r  o f  roo t  mass. Consequently,  hedysarum was 
sampled dur ing  mid summer. However, on ly  s l i g h t  changes in  roo t  
biomass are expected from mid summer to  f a l l  du r ing post vege ta t ive  
growth stages, and from f a l l  to  spr ing  as p lan ts  ove rw in te r  (P. 
S t ickney ,  U .S .F .S . ,  I n t .  Mt. Res. S ta t io n ,  pers.  commun.). 
There fo re ,  inc reas ing  the p ro p o r t io n  o f  blocks sampled to  improve 
sampling s t ra te g y  would probably have re su l te d  in  reasonable rough 
est imates o f  n u t r i t i o n  o f fe re d  by hedysarum.
Huck leberr ies
The sampling s t ra te g y  devised f o r  sampling the biomass o f  
h u ck le be r r ies  produced a margin o f  e r r o r  above 20%. Eighty percent 
conf idence in te r v a l s  are wide, e s p e c ia l l y  f o r  the HBDFl u n i t ,  and 
n e i th e r  u n i t  was sampled to  p resc r ibed  l i m i t s  o f  confidence and 
e r r o r .  The methods I described have p o t e n t i a l ,  however, i f  the 
p ro p o r t io n  o f  blocks sampled and sample s ize w i t h in  blocks were 
increased (Table 11).
I combined DFl and HBl, and DF3, HB3 and HB4 u n i ts  to  
s im p l i f y  sampling and because they were d i f f i c u l t  to  d i s t in g u is h  in  
the f i e l d .  DF and HB types occur on s i t e s  w i th  d i f f e r e n t  s o i l  
types and depths. S o i ls  may app rec iab ly  in f lue nce  berry  product ion 
on a s i t e  (Minore and Dubrasich 1978) and th e re fo re ,  may have 
increased v a r i a t i o n  w i t h in  and between b locks .  Many huckleberry
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s h ru b f ie ld s  occurred on burned s i t e s  and t ime s ince burn is  l i k e l y  
to  have had an a d d i t io n a l  in f lu e n c e  on be r ry  product ion  (Mart inka
1972, Minore 1975, M i l l e r  1977, Mart in  1979).
Although my methods are fe a s ib le ,  a l te rn a te  sampling methods 
would be d e s i ra b le ,  as sampling t ime requ i red  f o r  p ick in g  berry  
p lo t s  was r e l a t i v e l y  long. Precise methods f o r  sampling b e r r ie s  
such as hu ck le be r r ies  are la c k in g .  R e la t ive  -  weight es t im a t ion  as 
descr ibed by Hutchings and Schmautz (1969), and ranked -  set 
sampling (H a l ls  and Del l  1966, M ar t in  1979) prov ide opt ions f o r  
es t im a t in g  huck leberry  p r o d u c t i v i t y .  Through b r i e f  t r i a l  and e r ro r  
o f  es t im a t io n  methods f o r  h u c k le b e r r ie s ,  I judged es t im a t ion  o f  
be r ry  weight to  be d i f f i c u l t  and imprecise,  and a n t ic ip a te d  
r e l a t i v e l y  high e r ro rs  o f  e s t im a t io n .  More thorough in v e s t ig a t io n  
o f  r e l a t i v e  -  we ight  e s t im a t ion  to  be r ry  p roduc t ion  would be 
necessary to  determine i f  the method were more prec ise  or e f f i c i e n t  
than the method used in  t h i s  study.
In the North Fork area, 1990 was an except iona l year f o r
be rry  p roduc t ion  (B. McLellan, pers. commun.). During years o f  low 
o r  moderate p ro du c t ion ,  var iance would be h igher ,  r e q u i r in g  g rea te r  
sampling i n t e n s i t y .  However, the t ime requ ired  per p l o t  would be 
reduced because o f  fewer b e r r ie s  to  p ic k  and th e re fo re ,  a la rg e r  
sample could be obta ined .
My data in d ic a te  t h a t  hu ck le be r r ies  o f f e r  the h ighest  
energy/ha o f  the species s tud ied ,  w i th  the except ion o f  heracleum.
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Accord ing to  domestic b luebe r ry  n u t r i e n t  in fo rm a t io n ,  huck leberr ies  
con ta in  low le v e ls  o f  net p ro te in  (C. Robbins, Washington State 
U n iv . ,  pers .  commun.) and as such supply no apprec iab le  d ig e s t i b le  
p ro te in  (P r i t c h a rd  and Robbins 1989).
Huck leberr ies  are o f  tremendous importance to  g r i z z l y  bears, 
and show high seasonal e x c l u s i v i t y  o f  use in  areas where they occur 
(Aune and Kasworm 1989, McLellan 1989b). Most bears w i l l  switch 
from r i p a r i a n  use to  concentrated use o f  huck leberry  sh ru b f ie ld s  
once b e r r ie s  r ip en  (Zager e t  a l . 1983, McLellan 1989b). Greater 
p a l a t a b i l i t y  o f  hu ck le be r r ies  compared to  heracleum in  l a te  summer 
and f a l l  may account f o r  p a r t  o f  t h i s  behav ior .
Comments on V a r ia t io n
Combining o f  component u n i t s  l i k e l y  increased var iance w i th in  
sampling b locks .  A more thorough understanding o f  the var ious 
component u n i t s  would perhaps a l low  a ref inement o f  the 
s t r a t i f i c a t i o n  used in  t h i s  research. P re l im in a ry  ground t r u t h in g  
o f  s p e c i f i c  s i t e s  would f a c i l i t a t e  more re f in e d  s t r a t i f i c a t i o n  and 
p o ss ib ly  reduce v a r i a t i o n  w i t h in  sampling b locks.
I judged combining sera i  stages 3 and 4 to  be a p ra c t ic a l  way 
to  s im p l i f y  the sampling scheme. Combining serai stages probably 
had less impact on var iance than combining component u n i t s .  
D i f fe re n ce s  in  sera i  stages 3 and 4 were d i f f i c u l t  to  d iscern .
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This was due to  the o f te n  m ot t led  canopy coverage o f  o lde r  stage 3 
as we l l  as stage 4 stands. Accurate ground t r u t h i n g  and sampling 
o f  in d iv id u a l  sera i components may r e s u l t  in  less var iance w i th in  
and between sampling b locks .
My re s u l t s  in d ic a te  t h a t  sampling more blocks w i l l  reduce 
v a r i a t i o n  more e f f e c t i v e l y  than inc reas ing  sample s ize  w i th in  
b locks .  Cochran (1977) o f fe re d  formulas f o r  determin ing optimum 
sampling and subsampling f r a c t i o n s .  The value o f  n was determined 
by s o lv in g  e i t h e r  a cos t  equat ion or a var iance equat ion,  depending 
on which had been preassigned. The cost  o f  t ra v e l  between b locks,  
cos t  o f  sampling a b lock ,  and cost  o f  sampling a p l o t  were a l l  
considered.
Techniques in  opt imal sampling a id  in  p re d ic t in g  whether 
in c rea s ing  the number o f  b locks ,  o r  the number o f  p lo ts  w i th in  
b locks ,  is  most e f f i c i e n t .  Considering the la rge  number o f  p lo ts  
requ i red  to  min imize var iance f o r  several species in ve s t ig a te d  in  
t h i s  research, inc reas ing  b locks sampled is  l i k e l y  to  be most 
e f f i c i e n t .
Travel and t ime costs  are cons ide ra t ions  in  developing a 
f i n a l  s t ra te g y  f o r  biomass e s t im a t io n .  Travel t ime between 
sampling b locks may, in  some ins tances ,  o f f s e t  the advantages 
gained by in c rea s ing  the p ro p o r t io n  o f  sampled to  unsampled b locks .
My data do not inc lude  t ra v e l  t ime to  and between b locks.  
R ipa r ian  areas were g e n e ra l ly  loca ted  c lose to  roads, as they tend
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to  be in  many reg ions .  Access was r e l a t i v e l y  easy, and maximizing 
the number o f  sampled blocks would be a p r a c t i c a l  and e f f i c i e n t  
s t ra te g y  f o r  reducing the t o t a l  var iance between b locks.
Sampling in  avalanche chutes e n ta i le d  cons iderab le  t ra ve l  
t ime, even though the chutes I sampled were access ib le  by road to  
w i t h in  0.25 m i le s .  Sampling many chutes, o r  inc reas ing  the number 
o f  blocks sampled, may re q u i re  su b s ta n t ia l  t ra v e l  t ime because o f  
t h e i r  e le v a t io n  or the remoteness o f  t h e i r  lo c a t io n s .  Back country  
camps would perhaps decrease t r a v e l  requ i red .
In the study area, shepherdia s h ru b f ie ld s  were e a s i l y  
accessed by roads. Travel t ime to  huck leberry  sample blocks 
exceeded 2 to  3 hours because the s h ru b f ie ld s  were located f a r  from 
roads. Methods f o r  sampling huck leberry  must be time e f f i c i e n t :  
bears congregate w i t h in  huck leberry  s h ru b f ie ld s  and t h e i r  high use 
o f  the b e r r ie s  in  a sho r t  pe r iod  o f  t ime necess i ta tes  rap id  
sampling techniques.
Techniques f o r  develop ing optimal p l o t  s izes are also 
a v a i l a b le  (Muel1er-Dombois and E l lenberg 1974, Greig-Smith 1983).
My data is  in  the form o f  nested m ic ro p lo ts  which could be used to  
determine i f  sm a l le r  p lo t s  would apprec iab ly  increase var iance.
This may f a c i l i t a t e  sh o r te r  sampling t imes requ ired  by my methods.
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MANAGEMENT IMPLICATIONS 
U t i l i t y  o f  Biomass Est imat ion
Attempts to  r e l a t e  animal numbers and co n d i t io n  to h a b i ta t  
q u a l i t y  re q u i re  d e ta i le d  in fo rm a t io n .  Biomass est imates obtained 
by the methods descr ibed are d i r e c t l y  a p p l ica b le  f o r  use in 
develop ing c a r ry in g  cap ac i ty  est imates from models such as those 
developed f o r  ungula tes f o r  instance (Hobbs and Spowart 1984), by 
p ro v id in g  est imates o f  biomass measured in  the same scale as 
n u t r i t i o n .  The quest ion remains as to  whether more general ,  
s u b je c t iv e  rankings are d i r e c t l y  ap p l ica b le  to ,  or  good in d ic a to rs  
o f ,  bear numbers and body c o n d i t io n .
Estimates o f  biomass as descr ibed in  t h i s  research o f f e r  
f e a s ib le  a l t e r n a t i v e s  to  the c o e f f i c i e n t s  used in  the Forest 
Serv ice g r i z z l y  bear cumula t ive e f f e c t s  model. My methods could be 
u t i l i z e d  to  improve the model by re p la c in g  the c o e f f i c ie n t s  w i th  
q u a n t i t a t i v e  measures o f  a v a i la b le  n u t r i t i o n .  A l t e rn a te ly ,  biomass 
est imates could be u t i l i z e d  in  the generat ion o f  such c o e f f i c i e n t s .
A goal o f  c u r re n t  research in  the study area is  to  prov ide an 
es t imate  o f  a s p e c i f i c  number o f  bears who are able to  mainta in  a 
c e r ta in  body c o n d i t io n  u t i l i z i n g  h a b i ta t  t h a t  o f f e r s  s p e c i f i c  
amounts o f  energy and p r o te in .  In fo rm a t ion  is  a v a i la b le  regard ing 
n u t r i t i o n  as i t  r e la te s  to  body c o n d i t io n  in  cap t ive  g r i z z l i e s  (C. 
Robbins, pers.  commun., Washington S ta te  U n iv . ) .  Current research
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on w i ld  bears w i l l  h o p e fu l l y  p rov ide  in fo rm a t io n  on weight gains 
and/or  body c o n d i t io n  o f  bears u t i l i z i n g  s p e c i f i c  h a b i ta ts .  This 
in fo rm a t io n  w i l l  be re la te d  to  some measure o f  h a b i ta t .  P ro te in /ha  
and energy/ha can be d i r e c t l y  re la te d  to  weight gains and co n d i t ion  
in  bears. The end r e s u l t  is  an est imate o f  the number o f  bears 
able to  m ain ta in  a s p e c i f i c  body c o n d i t io n  w h i le  u t i l i z i n g  h a b i ta ts  
o f f e r i n g  d ie t s  o f  known q u a l i t y .
By comparing such in fo rm a t io n  from very d i f f e r e n t  reg ions,  
such the study area and Yel lowstone, a r e l a t i v e  ranking o f  h a b i ta t  
q u a l i t y  based on n u t r i t i o n  could be devised. Considerat ion o f  
reg iona l  d i f fe re n c e s  in  g r i z z l y  ecology is  necessary, as the d ie ts  
o f  bears in  the study area vary s u b s ta n t i a l l y  from the d ie ts  o f  
bears in  Ye l lowstone. However, est imates o f  bear food biomass 
which comprises f o r  ins tance ,  80% o f  the d ie ts  o f  bears in  any 
area, would a l lo w  a d i r e c t  comparison o f  a v a i la b le  n u t r i t i o n  and 
could be app l ied  in  develop ing a rank ing .
Many confounding fa c to rs  w i l l  in f lu e n ce  the s im p l i s t i c  model, 
descr ibed above, e s p e c ia l l y  when cons ider ing  a species such as the 
g r i z z l y  bear. A v a i la b le  energy is  a d i f f i c u l t ,  complex parameter 
to  es t imate  f o r  any mammalian species (Hobbs and S w i f t  1985). I t  
i s  complicated f u r t h e r  f o r  g r i z z l y  bears due to  the nature o f  the 
bear.  Bear po pu la t ion  s t r u c tu r e ,  soc ia l  s t r u c tu re ,  s e n s i t i v i t y  to  
human d is tu rbance ,  and om n ivo rous -oppor tun is t ic  food hab i ts  a l l  
in f lu e n c e  component use and u t i l i z a t i o n  o f  a v a i la b le  food energy
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(Mattson 1986, McLellan and Shackleton 1988a).
Biomass es t im a t io n  o f  a l l  g r i z z l y  bear food p la n t  species 
would be an enormous under tak ing .  However, I t  might be 
accomplished by m o d i f i c a t io n  o f  methods descr ibed in  s tud ies 
r e l a t i n g  to  fue l  load ing  (Brown and Marsden 1976) o r  general 
biomass p r o d u c t i v i t y .  The a l t e r n a t i v e  would be to  determine, 
through co r rec ted  scat analyses (P r i t c h a rd  and Robbins 1989), the 
p r imary  p lan ts  in  g r i z z l y  d i e t  and sample on ly  these items. This 
s e le c t i v e  approach was the focus o f  t h i s  research. The n u t r i t i o n a l  
value and the cost  o f  sampling o f  each food species were used to 
weigh i t s  r e l a t i v e  va lue.
I s o la t i o n  and q u a n t i f i c a t i o n  o f  a l l  confounding fa c to rs  
in f lu e n c in g  bear h a b i ta t  was beyond the scope o f  t h i s  p ro je c t .  I 
attempted to  q u a n t i f y  biomass o f  se lec ted bear food p la n t  species. 
My research was conducted w i th  the understanding th a t  vegetal 
biomass is  on ly  one aspect o f  a complicated web o f  fa c to rs  
in f lu e n c in g  g r i z z l y  bear h a b i ta t  q u a l i t y  and bear d i s t r i b u t i o n .
Many aspects o f  h a b i t a t ,  as we l l  as the nature o f  g r i z z l i e s ,  must 
e ve n tu a l ly  be considered dur ing  the f i n a l  eva lua t ion  o f  g r i z z l y  
h a b i ta t .
Research Concerns
This research represents  a " f i r s t  cu t "  a t  the task o f  
e s t im a t io n  o f  bear food biomass. This  research o f f e r s  some idea o f
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in h e re n t  var iance o f  bear food biomass occu r r in g  in  selected 
h a b i ta t  components. Tests o f  s p e c i f i c  biomass es t im a t ion  methods 
were conducted, and sample s izes necessary to  produce est imates 
w i t h in  p resc r ibed  le v e ls  o f  conf idence and e r ro r  were recommended. 
Methods used produced a s t a t i s t i c a l l y  v a l i d  est imate o f  several 
im por tan t  bear foods. D ig e s t ib le  p ro te in  (kg/ha) and energy 
(k c a l /h a )  w i t h in  h a b i ta t  u n i t s  were est imated.
My re s u l t s  in d i c a te  th a t  biomass sampling is  not unreasonable 
cons ide r ing  the tremendous importance o f  h a b i ta t  eva lua t ion  to  the 
conserva t ion  o f  g r i z z l y  bears. A s i g n i f i c a n t  advantage o f  
eva lu a t io n  methods based on random samples are es t imat ions w i th in  
p resc r ibed  le v e ls  o f  p re c is io n  and b ias .  Using methods described 
in  t h i s  re p o r t ,  es t im a t io n  to  w i t h in  p rescr ibed 20% e r ro r  w i th  80% 
conf idence would be f e a s ib le  by maximizing the p ro po r t ion  o f  
sampled to  unsampled blocks in  the po pu la t ion .
The fo l l o w in g  recommendations would r e f in e  and improve the 
methods descr ibed in  t h i s  paper and increase t h e i r  u t i l i t y :
1) Refinement o f  the techniques descr ibed in  t h i s  study is  
d e s i ra b le .  A d d i t io n a l  work f o r  each species inc ludes:
a. Research on e f f i c i e n t  es t im a t ion  models fo r  
hu ck le be r r ies  and equisetum.
b. Research on opt imal p l o t  s ize  and opt imal a l lo c a t io n  o f  
p lo t s /b lo c k s  f o r  a l l  bear food species being
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sampled. Cochran (1977) discusses methods f o r  determin ing 
opt imal sampling s t r a te g ie s .
2) Methods o f  sampling f o r  several bear food species concu r ren t ly  
would be e f f i c i e n t  and produce a more "complete" food biomass 
es t im a te .
3) I f  cos t  analyses reveal biomass es t im a t ion  as economically 
f e a s ib le ,  biomass est imates could be incorpora ted in to  models such 
as the CEM to  p rov ide  an o b je c t i v e  measure o f  h a b i ta t  q u a l i t y .
4) For e x t ra p o la t io n  o f  methods to  o the r  areas, p la n t  species o f  
d ie t a r y  importance to  g r i z z l y  bears must be known and n u t r ie n t  
an a lys is  o f  se lec ted  food species should be done on a regional 
bas is .
5) Recommendations f o r  techniques and s t ra te g ie s  most s u i ta b le  f o r  
g r i z z l y  bear forage e s t im a t io n  must be determined in  r e la t i o n  to 
a n t ic ip a te d  f i s c a l  c o n s t ra in t s  and requ i red  sample sizes to  achieve 
des ired  le v e ls  o f  conf idence and sample e r ro r .
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APPENDIX A
Plots of residuals versus biomass estimates for the regression of 
heracleum cover and basal area of stems on biomass.
Before log transformations of the independent and dependent variables.
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I
3ac
4
2
2*
22
0
2
4
65 72 3 41
E S T IM A T E
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CD
■ D
O
Q .
C
g
Q .
■D
CD
C/)
o'3
O
A P P E N D I X  B
8
CD
H a b i t a t  U n i t  d e s c r i p t i o n s  ( f r o m  L e a  e t  a l .  1 9 8 8 ) .
1. MSa - Dry* Cordllleran Montane Spruce Subzone.
"n »W>U*I t t i l t Veeetealan d r ic ilg
3-
3"
CD
N«w tnd ly i t o l ' Itva lea l Oaaerlvtlan tucceaalanal Tranda forage fa tan tla l bear Uae Caeeante
CD
■D 1. M  llth «  aidu* aubjact te  frevMnt amee dwae ahrub-ferb cover e f graaae* H M th ia  un it haa abundant g r iia ly  bear
O
Q. -  Indian hall«bera awalancha and nutrient r ich SItba alder, aatmtaln-aah, eowtain aah N tarage, pa rticu la rly  an the eolatar
C
a avilanclM claita aaapaja «atari uaually thW laberrg, Indian red eldarberrg H lover alopaa e f the w i lt .  Ihe
o
3 found an nartbam ar hellabare, fa lrybella . cmrfaranip II eaadeva ef the** lover alope area*
■D
Q aaatarn aapaetai large banaberry. angelica L-N have variable aoowita o f bear forage
3" catcbnant areaa eftan gantig eloping rweut area* Including red aldarbarrg, rad
<—H
CD grewlda Ineraaaed ealature nag have a luah forb-graa* raapberrg, eawdeln^aah, aedgaa,
Q.
$ far leuar alapaa. eeadau ef gaeaaberrlea. alder leaved buchthem and blecb
1—H
3" graaaoe, firauaed. tv lib e rry i the ataap part ef th i*
O eeadav-rue, aalera. unit pay have avail aeowita of bear
T3
CD
aae-paramlp, angelica, f.rage Including red raapberrg, black
3 bear-graaa. tvlnberrg, graaaaa, aveet-clceig.
(/)
(/)
o
glacier I l l y  and aprlntfbeautg.
3
f .  01 draMil bar# active f la e ^ la ln  gravel 
barai laidamatar te r part 
e f the gear.
aparaeig vegatatad bg 
wllleue and herb*
very lev iSd ceoean along the Flathead hivor.
1. 9  draaay fla lda law, level, f lu v ia l graaa daelnated cover ef graraea M l ip •  lev rerag* ava ila b ility  lather then
larracaa abave the Flathead tlaethg, lAeatgreaa, blue aldar-leaved greaal
hiver aubjact te dre»%hllg graaa, enaUberrg buchthem L -  net th a u ^  te be freguantlg weed
eandltlane In the amear. aaepelallle I but diaturbance and dooeatla gracing 
nay H a lt uae
VON)
CD
■ D
O
Q .
C
g
Q .
■D
CD
C/)
C/)
MSa - Dry, Cordilleran Montane Spruce Subzone (continued)
8
(O '
3.3"
CD
CD
T3
O
Q .
C
a
o3
T3
O
CD
Q .
T3
CD
(/)W
o'
3
Habitat Uhlt 
Ww# and Syatw1>
I .  I f  Lodpapota 
pin# -  falaatoa 
•m th a rly  «apaot
Ifl
I f t
I f ]
lf«
ftqraleal Oaacrlptlon
podaaately ak##p. o f 
aowthooat t#  ##at faclnp 
•lepoai daap to  ahalloo 
•o il#  dovolopod froo 
c o lliw la l o r oeralnal 
•a to r lo la i oo lt to  rapid ly 
dralnad, d re u ^ ty  to lla
Wégatatlon
Succaaalonal Tranda
ahnA  h a *  cowar o f 
aoopola llla , b irc tflaavad 
aplraa, falaaboo, 
th lablabarry, o l id  
atraobarry, ftraoaad
pola*aapllng apan foraata 
o f lodpapola pIna, 
blrch-laawad aplraa, 
aoopola llla , falaaboa, 
thioblabarry, o l id  
atraobarry, plnagraaa
yoiaip, open to  eloaad 
foraata o f lodgapola pIna, 
Oouplaa-flr, birch-laavad 
aplraa, falaaboa, 
thioblabarry, plnagraaa, 
ahooy aatar
oatura foraata a f apruea, 
atAalplna f i r ,  bireh-laavad 
aplraa, falaaboa, ahooy 
aatar, to ln fleoa r.
Foraga PotantIal
aoopolallla 
o l id  atraobarry 
black bucklaborry
L-N
I
aoopolallla 
o l id  atraatarry 
black hucklabarry
M
l-N
L
traa bark
tree bark
driaxly 
Saar Uaa
NSpf
NSpF
IS p
LSp
ta
-  black hucklabarry may occur at 
«#par alavatlona o f th Ia  t n l t |  alow 
rata o f auceoaalcn*
-  loo oolatura a v a ila b ility
-  koarleam watch and k lnnlk lnn lck oay 
bo praaant In  aoall aaomta
-  anoobruah oay occur In aarly  atagos 
o f auceaaalon
VOW
CD
■ D
O
Q .
C
g
Q .
MSa - Dry, Cordilleran Montane Spruce Subzone (continued)
■D
CD
3
C/)
C/)
o '
3
Habitat Unit 
Haa* and Syabol* Phyalcal Oaacrlptlon
Vogatatlon Q rltz ly
Co—antaSuccaaalonal tranda Foraga Potantlal Baar Uaa
S. LM Lodgapola gantia to  aodarataly ahrub-barb cavar af aoopolallla M H HP foraga apaelaa that occur
8
pin# -  plnagraaa aloping altoa totatd on daap aaepalallla, plnagraaa. o lid  atra«*arry L-H Inconila tently Include aulphur
•eralnal dapoalta of aaralnal or dwarf bluabarry, o lid hadyaana, g lac ie r I l l y ,  Anarlcan
(O '
3 " co lluv la l aa torla la; atraobarry, a rc tic  lip tno . natch, h im lk ln n lc li, aoaal-clcaly,
i
INI avoraga oolatura tlraaood craany paawlna; auMoJr hadyiarua
3
CD
cendltlona occura In patchaa, probably duo to
u n po1a*aap1Ing foraata of aoopolallla M I f Ita  heavy aaada «dilch apraad alouly;
T j
C lodgapola pIna, bluabarrlaa L-M aoopolallla and bluabarrlaa prcxkjca
3 "
CD aoopolallla, btrch*laavad abundant borrlaa only In a a r l1er
CD
aplraa, plnagraaa. atagaa of auceaaalon; thiablaharry
■D
o
bluabarrlaa, amlcaa, ahooy nay bo atneolant In aide vallaya of
Q .
C
Q.
aatar the Flathaad drainage; bluabarrlaa
o '
faiaid In th ia  un it Include doarf
3
"O U U
ytunç foraata e f lodgapola n i l I f blueberry, loo b l 1 berry, grouaatiarry
o
3 "
plno, aaapolallla. and black hueklaliarry; aoopolallla la
CT birch-laavad aplraa. loan atneolant In the leoar Flathaad
CD
Q . plnagraaa, bluabarrlaa. Valley.
$  
1—H
3 "
amlcaa, ahooy aatar
O
T3 LM4
eatura foraata o f apruea. n i l IF
CD
3 aubalplna f i r ,  b irc li laavad
3
aplraa, to ln flooar.
w
5 ' bluabarrlaa, amlcaa, ahooy
aatar, cannon naaa
• k '
CD
■ D
O
Q .
C
g
Q .
■D
CD
C/)W
o"3
O
3
CD
8
MSa -  Dry, C ord illeran  Montane Spruce Subzone (continued)
3.
3"
CD
CD■D
O
Q .
C
a
O
3
■D
O
CD
Q .
■D
CD
C/)
C/)
Habitat Uhlt Vogatatlon G r iu ly
NâM and SyiÉiol* Phyalcal Oaacrlptlon Succaaalonal Trends Foraga P otentia l Boar Uaa Consents
6. LP Lodgapola ptna -  
plnagraaa coaraa 
f lu v ia l
LPl
aandy o r gravaily  f lu v ia l 
■ a ta rla la  usually on gantly 
to  aedarataly aloping 
araasi lou oolatura 
a v a ila b il ity  dua to  wall to  
rap id a o ll drainage.
shrtb-harb cover o f 
aoopo la llla . plnagraaa, 
firawaad, a rc t ic  lupine, 
w ild  strawberry.
aoopo la llla  N-H 
aaa ll aaounta o f various 
species
MSpF usua lly  c lose ly  associated w ith  aa jor 
floodp la lna , idtlch Increases spring 
and f a l l  bear use.
serai fo rests  are soeetlsns dowlnated 
by o r have a aa jor coaponent o f 
western la rch ; forage specie* tha t 
occur Incons is ten tly  Include sulphur 
hadysartas, Raerlcan vetch, w ild  
S tra iA erry, k ln n lk ln n lck , 
sweet-clcely; sulphur hedysarua 
occurs In  patches, probably <kJS to  
I ts  heavy seeds which spread slow ly;
Ü>2
pole-aapiIng open fo rests  
o f lodgapola plno, b lrcb - 
laavad sp ires, aoopo la llla , 
plnagraaa, tw inftowar, 
dwarf blueberry, 
grousabarry
aoopo la llla  H 
sea ll aaoisits o f various 
species
LSpF
LP)
young fo rests o f lodgapola 
p ine, spruce, birch-laavad 
aplraa, aoopo la llla , plna- 
grass, tw inflowar, dwarf 
blueberry, grousabarry
saa ll aaounta o f various 
species
LSpF
slow rate o f succession p a r t ic u la r ly  
to  spruce and subalpine f i r ;  
soo po lla lle  produces abmdant be rries  
only In e a r lie r  stages o f succession; 
soopo la llle  Is  less abkndant In  the 
lower Flathaad Valley.
LP* eatura fo rests o f 
spruce, subalpine f i r ,  
birch-laavad aplraa, 
tw in flow ar, dwarf 
blueberry, grousabarry, 
coaeon aoss
vary l i t t l e LSpF
7. RO Rock araaa o f bedrock o r ta lus sparsely vegetated areas 
w ith  pioneering vegetation
n i l N
OLn
CD
■ D
O
Q .
C
g
Q . MSa - Dry, C o rd ille ra n  Montane Spruce Siili/ono (continued)
3"
T3(D Vogatatlon G r lt r ly
1
C/î
N«m  «nd SinbQl' Phyalcal O aK rlp lln n SiKcotalonal Ironda feroga Potential Baar Uta Cnaeonta
( / )
o'3 1. SH Spruc* - lu th  ahruh-harb cowar ml grotaea H W pt variab le  i n l t |  forage apeclea uhlch
O K o rM Ia lt a o lt t r l« w i  mAJk I  la  o o lt l a ld t r ,  black tu lr lia rry . k i r  to ta l la II may ba prêtant In te a ll  aee in tt
5
(D
g
llao(b<l*ln ca iid llla n f « l lh  rara black giMitaliarry, lila ik  tw lifia rry 1 H In c lit io  am nta ln -a ih , rad o lda rba rrr.
rloodlng i oo ïk fa la ly  wall 1» h o r ia la lla , oa itam cm  nartn lp H haut hem. aldar-leaved buckthorn, rod
M l •oparfaetlir dralnad «a lla moadow-rua. graaaaa ongallca 1 H ra tpberry . aeopo le llle .
ci'3"
dtvalepod I r a  l lw la l  
a a ta rla U i may Includt
aodgat l hlÿifauah-crardierry, u l ld  a lre iA a rry , 
auoat-c lcaty. vetch and peevlne)i M l araaa a l amopoga e lhar than pola-iamMng format e f horaota lla H HSpS mature foraata e ty  have aparté
m f loodaU lna . iprueo. black ta iré a rry , graaaaa N indo ra te rlea ; red-oa lor ihgveed le
■n black gootobarry. block tw irha rry l  II fraquoctlly found In  thoae u n ita lc
3. ho rao ta lla , aeatam oaadmr- cm -partn lp H eavore dloturbanco eoy croate grata
(D rua, graaaaa angelica L donInetad o roa tl the M l etego eay ba
(D
T3
tadgaa L very aperta ly vegetated on the eore
O active  flee tk rle ln  po rt le n t e f theQ.
C M ) young foraata e f apruce. tree  berk H HSpS Flathaad B lvor
a
o block tm lnberry, black horaota lla H3 geeoaberry, he rae ta lla . block tu ir ta r r y l - h
O meatem eeadw rua, graaaaa cov-poranlp l *
CT graatea l-H
Q. ongallca l
g oedgaa L
C T
O M« nature feroato e f tre e  berk H HSpS
T3 opruce, block tm lrberry . horaota lla II
3 black gooiobarry. black tm irharry l  H
( / ) '
( / )
horaota lla . oeatam ceu-poranlp t-H
o'3 meadoe rua, graaaaa graaaaa
ongallca
aedgao
t
l
L
CD
■ D
O
Q .
C
g
Q .
■D
CD
C/)
C/)
8
ci'
3
3"
CD
CD■D
O
Q .
C
a
O3
"O
O
CD
Q .
■D
CD
C/)
C/)
MSa - Dry, Cord ille ran Montane Spruce Subzone (continued)
H abita t U nit 
Naaa and Symbol*
9. SS Saskatoon -  w ild  
s tra iA a rry  dry 
avalancho chuta
10. MC M II I im  -
cau-parsnlp ac tiva  
floo ib> la ln
II. «S Kl I I  OH 
fan
sadga
Physical D ascrlp tlon
ataap alopad araas a iA jac t 
to  avalanching in  
a in ta r ; usua lly  on 
aoutharly and u a tla r ly  
aspacts; usua lly  s h a ll* *  
s o ils  w ith  rock outcrops
Vogatatlon
Succssslonal Irands
dlsturbanea cllaaa of 
spars# shrub-doalnatad 
vogatatlon Of traabllng 
aspan, wlll*wa, saskatoon, 
vlld straidMrry, aalara
floodpla lna o f r iv a rs  and 
croaks s iA ja c t to  f raquant 
flood ing  and a h igh va lo r 
tab la  fo r  such o f tha yaar
liaprasslonal araas w ith  
organic daposlts; h igh 
v a ta r ta b la  much o f  growing 
saason
lush shrub-forb covar o f 
w illow s , mountain a id e r, 
tw in lia rry , honaysuckla, 
rad os Ia r dogwood, 
cow-parsnip, h o ra o ta lla , 
graasas, astors
fan vogatatlon o f w illow s , 
aadgas, b o s s
foraga P o tan tla l
wild atrawbarry
graasas
saskatoon
H
N
t-N
ctw-parsnlp 
h o rsa ta lla  
b lack twinfaarry 
a ldar-lsavad 
buckthorn 
angallea
H
H
H
L-H
L-N
L-N
L-N
aadgas
G r is t ly  
Baar lisa
M p F
HSpS
HSpS
its
q u its  w ariab is  va g a ta tlo n i ganara lly  
d r ia r  and lass  productlw a fo r  foraga 
than Mt. Tho staapar p o rtio n s  aay 
haws sporadic occurraneaa o f  tha 
fo llo w in g  foraipt spaclsss b lack  huck­
la b a rry , a o o p o la llla , a lda r-laavad 
buckthorn and graasas; the  bass o f  
tha chutas aay have b lack tw lnba rry  
oountaln-ash, rod a ld a rb a rry  and 
angallea; uppar araas o f  thasa chutas 
aay have good b lack hucklabarry 
p roduction; tha s h r tii and harb layers 
o f th is  i n i t  are u su a lly  sparse.
vary h lÿ i  foraga production fo r 
g r is t ly  boars, va r ia b le  c n its ;  foraga 
spaclas id iich  aay ba prasont In  saa ll 
aaocnts Include rad raspberry, rad 
a lda rba rry , h l|hhush-eranbarry, 
paavlna, watch and w ild  s tra tb a rry .
w illow s aay ba absant; associated 
s ite s  aay hava h o ra a ta lls , angelica, 
black tw lnba rry  and a ldar-laavad 
buckthorn.
vO-vl
9 8
euc
fOJO
1
<uu
exW)
cc
43
<v
en
'CJO)4-J>
l / lw(_
o
(O
O)
5
c
(U
gto
I
«oü_
t / lto
CM
n
i
£
I
s
i
I
l i
s % ï I
i l i î î m Ü n
S
é £
î l l l
? l
ii i î ;
i l i i j l l ü l ü l i !
!îii lli Hf i i
• I ̂
l i l l l
M
l i U
i  i 2 is &
I
i  ?
î  
:  1
n i î l l ï  
11 l i ü
11 
s s
II
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
99
X3
Q)
OU
at
<c
JOsco
I
OJus
cIQ
0)onc
at4-> 
l / lO»
5-
c
<eL.<D
o(_>
c
S-a>
I
lOLk.t/>(/)
i ililiiiiiiilil
l l i i î ü i U l n i l l
3 3 3 3
J
1
‘S
1
1 # 1
B
1
1
B
1
Î
1
1 illli iliil'ii iliil Iliil,
1
11
1
1
Ï 1 Î 1
III
î lS Ï
Ï J
1 | i
H I  . s s b
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 0 0
■oO)
§
at
<o
I
I
atu
O)CT
■Oo>
toOl
C<oI—CJ
s
Olx:
a
I
ta
oo
i I
I
il
f  T
llil I  41 i
• I M.
l î îH
ÜHÏl
li
l in,
M* t  s
i l
\ u \ l n
i l u l i l L
i l
3 !  
1 1
= i
f!
g
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 0 1
T3<D3
C
8
O)
c
<o
I
a>
u3UO.oo
c
(O
(U
en
CL)
w»
eu
rOt-o>
s
4>
I
<o
u -
( /)U~!
ï i
I
I
I Ï I . . 1 1 1  ^
1 . 1
l i  111 l l l l
11 ! H n i l
L Ii
ill il
f
!  i
I l l I
y u A
i l ^ j j
! m
Il | l
ü î f î »
e
ta i i !li
5
i
%
I
g
I
Üllîi
1
0
1
u
1r
1 1 t  i
* J c l
ï
1
I
s
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 0 2
“Oos
o
mc
"V
^ l
ê• 1 I i î 1ï * - .
h f l i ü Hi i i l i !
f I
I i i
ti
U1
c
fS
& _
c
#  m 2 % w ^ Ç f  X  S  ^  .J _l . .  : :
• t t e
& Hi. , 1 . a H ia
i|’ ilHli
« •  «* k «•
l l i l i i llll
s j«X illii
I
<£
?
i III
i I
I lllll
c
L.0 
f4_>
5t/î
>>
t .c
1
rO
u .VIVI
6
î
I
g
î lllll!
u
n ni
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
-o
eu3
O
u
O)c
o.
«î
I
O)o3t-
C<o
O)en
■3OJ4-1«/»<v
c<os_O)
t 3L.S
O)
3
I
ro
t/1t/1
f!
I
I
I
I
1
1a
III
il
I
llil!
l l i
» w # # #
m n
: k 1 îf #i 1 mV o i
i 1 I ■s 1 %
e t
m
? 2 a Î #
s f i
V r :2 33 £*«• sf 1 •e 2
i w j£ I
# s •8 a# Ï 1 1
1
A
5
#
? 1 t 2
OI 1 c k j i -s #
Ï \ 1 1 I 1 5
i
i l l
*  ï  1 1 s'Hii
i i =l i t
III
S
-  -R 1% *  & 
! -
1  ! H i
“ 5  . •• •  # j H
Î  ^  t !  1  Î  §
1 3 1 1  r i  !
*
I
I ?a 
a I  S
103
!l
II
il
I
*•
I
I
i» *• # U
3 1# 3 j
I
o
!1
î
I
l
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
<ou.■o
c3
H—
O
C
Q.
<C
C(OL_o>
V-
o
o>
oI/O
CD
i
ro
11
#
1N*
1
I
I
1
— r
1 c2 1 
I fi
II
i î I es 2
i I m
i l : -,§ S 3 I
• I  ^ r  -
l l l ü
ini
I
g
%
I i
II
li
il
§
?
I
S
1 0 -
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 0 !
A P P E N D IX  C
Comparison of habitat units and habitat types (from Lea et al. 1988)
Habitat Units 
(Present Study)
Habitat Types 
(P fister et a l.  1977)
AH Sitka alder -  Indian hellebore avalancne chute none
AT Alpine tundra Alpine larch -  subalpine f i r
DFl Oouglas*f1r -  Idaho fescue shallow soils.
southerly aspect 
DF2 •  •
DF3
0F4 " "
none
none
none
Whitebark pine
FAl Subalpine f i r  -  fa lse azalea mesic 
FA2 • • 
FA3 ■ • 
FA4 • •
none
none
none
Subalpine f i r  -  false azalea
GB Gravel bars none
GF Grassy fie lds none
HBl Black huckleberry -  bear-grass southerly aspect 
HB2 • ■
HB3 • "
HB4 ■ •
none
none
none
Subalpine f i r  -  bear-grass 
(globe huckleberry phase)
LFl Lodgepole pine -  falsebox southerly aspect 
LF2 '  •
LF3 ■ •
LF4 ■ •
none
none
none
nbne
LPl Lodgepole pine -  pinegrass coarse fluvial 
LP2 ■ •
LP3 ’  •
LP4 ■ •
none
none
none
Subalpine f i r  -  dwarf blueberry
LHl Lodgepole pine -  pinegrass moralnal 
LM2 "
LM3 ■ ■ 
LM4 "
none
none
none
Subalpine f i r  -  dwarf blueberry
RO Rock none
SH Spruce -  horsetail moist floodplain Spruce -  common horsetail
SS Saskatoon -  w ild strawberry dry avalanche chute none
WC Willow -  cow-parsnip active floodplain none
WS Willow -  sedge fen none
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